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(54) Optical communication apparatus and optical add/drop apparatus 



(57) The present invention relates to an optical 
communication apparatus tor detecting the intensity of 
light in an optical modulator or the intensity of a modula- 
tion signal and tor controlling the operating point of the 
optical modulator based on the result of detection. In the 
optical communication apparatus having such a config- 



uration, the operating point of the optical modulator can 
be kept stable even when the input light or the modula- 
tion signal is temporarily non-existent in the optical com- 
munication apparatus. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

[0001J The present invention, an optical communi- 
cation apparatus which transmits wavelength -division 
multiplexed signal light, relates to an optical communi- 
cation apparatus whose operation is stabilized irrespec- 10 
tive of presence/absence of input light or a modulated 
signal to be transmitted, as well as to an optical 
add/drop apparatus using such an optical communica- 
tion apparatus as an addition apparatus. 

15 

Z Description of the Rebted Art 

[0002] Ultra-long-distance and large-capacity opti- 
cal communication apparatuses are now required to 
construct future multimedia networks. Concentrated zo 
studies are now being made of the wavelength-division 
multiplexing as a method for realizing large-capacity 
apparatuses in view of such advantages that it can 
effectively utilize a wide bandwidth and a large capacity 
of an optical fiber. 25 
[0003] In particular, studies are in progress about 
an optical add/drop apparatuses of the wavelength-divi- 
sion multiplexing method and optical modulators used 
in the addition section of such an optical add/drop appa- 
ratus that is required in each node of the lightwave net- 30 
work. 

[0004] In the Mach-Zehnder interferometer type 
optical modulators (hereinafter abbreviated as "MZ 
modulator") that are used as optical modulators in con- 
ventional optical communication apparatuses, it is nec- 35 
essary to stabilize the output optical signal with respect 
to a variation and the variation with temperature and 
time, Japanese Patent Laid-open No. 251815/1991 dis- 
closes an operating point control circuit for controlling 
the operating point of an MZ modulator intended for this 40 
purpose 

[0005] FIG. 20 is a block diagram of an MZ modula- 
tor having this conventional operating point control cir- 
cuit. 

[0006] As shown in FIG. 20, fight exit from a light <ff 
source 310 such as a laser diode (hereinafter abbrevi- 
ated as TD") is entered to an MZ modulator 311. A 
modulation signal including information to be sent and a 
low-frequency signal of a predetermined frequency fO 
that is outputted from a low-frequency oscillator 324 are so 
inputted to a variable gain amplifier 313. The variable 
gain amplifier 313 superimposes the low-frequency sig- 
nal of the predetermined frequency fO on the modula- 
tion signal and outputs it, which is then inputted to one 
modulation-input terminal of the MZ modulator 31 1 via 55 
an amplifier 314 for obtaining a predetermined signal 
level and a coupling capacitor 315. A bias T circuit con- 
sisting of an inductor 316 and a capacitor 317 is con- 



nected to the other modulation-input terminal of the MZ 
modulator 31 1 . The capacitor 31 7 is grounded via resis- 
tor 318. A portion consisting of the amplifier 314, the 
coupling capacitor 31& the bias T circuit and the resis- 
tor 31 8 are equivalent to a drive circuit of the MZ modu- 
lator 311. 

[0007] The MZ modulator 31 1 modulates light that 
is supplied from the light source 310 with a signal that is 
given by the drive circuit and outputs a resulting signal. 
[0008] Part of an optical output of the MZ modulator 
311 is branched and taken out by an optical coupler 
312. The branched part of the optical output is detected 
by a photoelectric converter 319 such as a photodiode 
(hereinafter abbreviated as "PD"), and the detection sig- 
nal is amplified by a buffer amplifier 320 that selectively 
amplifies a frequency component of fO and inputted to a 
multiplier 321. The low-frequency signal that is output- 
ted from the low-frequency oscillator 324 is also input- 
ted to the multiplier 321. The multiplier 321 compares 
the phases of the signal that is inputted from the buffer 
amplifier 320 and the low-frequency signal that is input- 
ted from the low-frequency oscillator 324, and outputs a 
signal in accordance with a phase difference. 
[0009] Therefore, the multiplier 321 can detect the 
low-frequency signal of the predetermined frequency fO 
that was superimposed by the variable gain amplifier 
313. 

[001 0] An output signal of the multiplier 321 is input- 
ted to one input terminal of a differential amplifier 323 
via a low-pass filter (hereinafter abbreviated as W LPF) 

322 that allows passage of a frequency component of 
the predetermined frequency 10 or less. On the other 
hand, the other input terminal of the differential amplifier 

323 is grounded. An output of the differential amplifier 
323 is inputted to the inductor 31 6 of the bias T circuit as 
an error signal to be used for moving the operating point 
of the MZ modulator 31 1 , whereby the bias value is var- 
iably controlled so as to correct the operating point 
[0011] In the MZ modulator having the above con- 
figuration, the superimposed low-frequency signal of 
the frequency fO does not appear in the output light 
when the bias value is in the optimum state. 

[0012] FIG. 21 is a waveform diagram showing an 
operation in a state that the operating point drifts in the 
MZ modulator having the above circuit configuration. 
Part (a) of FIG 21 shows inpuVoutput characteristics of 
the MZ modulator, in which curve B represents an 
inputfoutput characteristic in a case where the operating 
point has drifted to the high-voltage side from that of 
curve A and curve C represents a case where the oper- 
ating point has drifted to the low-voltage side from that 
of curve A. Part (b) of FIG21 shows a waveform of an 
input signal and parts (c), (d), and (c2) of FIG.21 show 
waveforms of output optical signals of the respective 
input/output characteristics. 

[0013] As shown in FIG 21, when the operating 
point has drifted to the high-voltage side or the low-volt- 
age side, low-frequency signal of the frequency fO 
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superimposed in output light appears with a phase that 
is inverted by 180* depending on the drift direction. 
Therefore, the bias voftage can be controlled by using a 
signal coming from the multiplier 321, whereby the drift 
of the operating point can be compensated for. 5 
[0014] In this manner, a drift of the operating point 
can be compensated for by taking out a low-frequency 
signal from output light that has been produced by mod- 
ulating input light with a modulation signal and the low- 
frequency signal and then comparing its phase with the 10 
phase of the original low-frequency signal. Therefore, 
the operating point control circuit described above can 
control the operating point to stabilize it in a case where 
input light (output light) and a modulation signal exist 
[0015] FIG. 22 is a block diagram showing a con- is 
ventional optical add/drop apparatus. 
[001 6] As shown in FIG. 22, after wavelength-divi- 
sion multiplexed signal light transmitting through an 
optical transmission line is amplified to a predetermined 
light intensity, it is then entered to an OADM (optical 20 
add-drop multiplexer) node section 350 which 
adds/drops on the wavelength-division multiplexed sig- 
nal light. Signal light beams of predetermined wave- 
lengths are dropped by the OADM node section 350 
and subjected to receiving operations in optical drop- 25 
ping sections 352 that are provided in the same number 
of signal light beams to be branched by an optical cou- 
pler 351. Signal light beams to be added by the OADM 
node section 350 is generated by optical addition sec- 
tions 355. The optical addition sections 355 are pro- 30 
vided in the same number of signal light beams of 
respective wavelengths to be added by the OADM node 
section 350. The added signal light beams and the sig- 
nal light that has not been dropped in the OADM node 
section 350 are wavelength-division multiplexed, ampli- 35 
fied, and then outputted to the optical transmission line. 
[0017] In each optical addition section 355 of this 
optical add/drop apparatus, light that is exit from an LD 
360 for generating light of a particular wavelength is 
amplified by an optical amplifier 361: Output light of the 40 
optical amplifier 361 is modulated by an optical modula- 
tor 362 having the above-described operating point con- 
trol circuit. The modulated optical signal is amplified by 
an optical amplifier 363 and then entered to an optical 
coupler 354. The optical coupler 354 adds this optical 46 
signal to the OADM node section 350 together with opti- 
cal signals of other wavelengths that have been gener- 
ated by other optical addition sections 355 having the 
same configuration. 

[0018] Incidentally, in the MZ modulator 31 1 shown so 
in FIG. 20, the following problem occurs when there is a 
short break in which the input light entered to the MZ 
modulator 311 is temporarily non-existent and then 
recovers. 

[001 9] When the input light no longer exists, there is 55 
no light output to be branched by the optical coupler 312 
and hence the operating point becomes indefinite. That 
is, in part (b) of FIG. 21 , it is impossible to judge whether 
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the bias voltage Vb is (1) 0 V or less. (2) greater than 0 
V and smaller than Vp, or (3) Vp or more. 
[0020] If the input light recovers in such an indefi- 
nite state, in case (2) the optimum operating point is 
established by the operation of the bias T circuit. How- 
ever, the optimum operating point is not established in 
cases (1 ) and (3); Vb is predetermined at 0 V in case (1) 
and Vb is predetermined at Vp in case (3). 
[0021] By these reasons, when a short break 
occurs in the input light that is incident on the MZ mod- 
ulator 31 1 , the optimum operating point is not necessar- 
ily obtained. 

[0022] Hitherto, the above problem did not occur 
because the MZ modulator 311 was used in terminal 
stations or the like where no short breaks occur on the 
input light. However, where the MZ modulator 31 1 is 
used in each optical addition section 355 of the optical 
add/drop apparatus of FIG. 22, it is necessary to switch 
the wavelength of addition light to a wavelength that is 
not used in a wavelength-division multiplexed signal 
transmitting through the optical transmission line. This 
necessarily causes, during such wavelength switching, 
a state where no input light exists. Therefore, the solv- 
ing the problem of being in the above indefinite state is 
a particularly important issue. 
[0023] On the other hand, in the optical add/drop 
apparatus of FIG. 22, when there is no input light to the 
optical modulator 362, ASE (amplified spontaneous 
emission), which is a noise level spontaneously gener- 
ated by the optical amplifiers 361 and 363, is outputted 
to the optical transmission fine. Further, each optical 
addition section 355 does not always have a modulation 
signal to be added. When no such modulation signal 
exists, not only ASE but also input light that is not mod- 
ulated with any modulation signals are outputted to the 
optical transmission line 

[0024] Further, in optical communication networks, 
the judgement of malfunctions occurring therein is 
based on the light intensity. Therefore, the malfunction 
cannot be judged if ASE or input light that is not modu- 
lated with a modulation signal is inputted to an optical 
transmission line. 

SUMMARY OF THE INVENTION 

[0025] The first object of the present invention is to 
provide an optical communication apparatus for keeping 
the operating point of an optical modulator stable even 
when the input light or the modulation signal is tempo- 
rarily non-existent in the optical communication appara- 
tus. 

[0026] The object is attained by the optical commu- 
nication apparatus for detecting the light intensity of 
light in an optical modulator or the intensity of a modula- 
tion signal and for controlling the operating point of the 
optical modulator based on the result of detection. 
[0027] The second object of the present invention is 
to provide an optical communication apparatus which 
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does not exit ASE nor input light that is not modulated 
with an modulation signal even when the input fight or 
the modulation signal is temporarily non-existent in the 
optical communication apparatus. 
[0028] The obj ect is attained by the optical commu- s 
nication apparatus tor detecting the intensity of light in 
an optical modulator or the intensity of a modulation sig- 
nal and for regulating the intensity of light transmitted to 
an optical transmission fine from the optical modulator 
based on the result of detection. 10 
[0029] The regulation of the light intensity is regu- 
lated, for example, by an optical attenuator for attenuat- 
ing the intensity of light entered to the optical modulator 
or by an optical attenuator for attenuating the intensity of 
light exit from the optical modulator. As another exam- 15 
pie, switching the optical modulator regulates the regu- 
lation of the right intensity. 

[0030] As one of aspects of the present invention, 
the optical communication apparatus can be used in an 
optical add/drop apparatus for adding and dropping an 20 
optical signal to and from wavelength-division multi- 
plexed optical signal. 

[0031] As another aspect of the present invention, 
the optical add/drop apparatus, even when there are 
any unused communication apparatuses, since the zs 
input light or the output of the optical modulator of an 
unused addition apparatus and the modulation signal 
are monitored, the operating point of the optical modu- 
lator is kept stable and neither ASE nor input fight that is 
not modulated with a modulation signal is exit from such $0 
an addition apparatus. 

[0032] Besides, another objects and characteristics 
of the present invention will be descrtoed specifically as 
follows referring to the accompanying drawings. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0033] 

FIG. 1 is a block diagram of the optica! communica- <o 
tion apparatus according to the first embodiment; 
FIG. 2 is a block diagram of the optical communica- 
tion apparatus according to the second embodi- 
ment; 

FIG. 3 is a block diagram of the optical communica- 45 
tion apparatus according to the third embodiment; 
FIG. 4 is a block diagram of the optical communica- 
tion apparatus according to the fourth embodiment; 
FIG. 5 is a block diagram of the optical communica- 
tion apparatus according to the fifth embodiment; so 
FIG. 6 is a block diagram of the optical communica- 
tion apparatus according to the sixth embodiment; 
FIG. 7 is a block diagram of the optical communica- 
tion apparatus according to the seventh embodi- 
ment; 55 
FIG. 8 is a block diagram of the optical communica- 
tion apparatus according to the eighth embodiment; 
FIG. 9 is a block diagram of the optical communica- 



tion apparatus according to the ninth embodiment; 
FIG. 10 is a block diagram of the optical communi- 
cation apparatus according to the tenth embodi- 
ment; 

FIG. 1 1 is a block cfiagram of the optical communi- 
cation apparatus according to the eleventh embod- 
iment; 

FIG. 1 2 is a Week cfiagram of the optical communi- 
cation apparatus according to the twelfth embodi- 
ment; 

FIG. 1 3 is a block dagram of the optical communi- 
cation apparatus accord) ng to the thi rte enth 
embodiment; 

FIG. 14 is a block diagram of the optical add/drop 
apparatus according to the fourteenth embodiment; 
FIG. 15 is a block diagram of the optical add/drop 
apparatus according to the fifteenth embodiment; 
FIG. 16 is a block diagram of the optical add/drop 
apparatus according to the sixteenth embodiment; 
FIG. 17 is a block diagram of the optical add/drop 
apparatus according to the seventeenth embodi- 
ment; 

FIG. 18 is a block diagram of the optical add/drop 
apparatus according to the eighteenth embodi- 
ment; 

FIG. 19 is a block diagram of the optical add/drop 
apparatus according to the nineteenth embodi- 
ment; 

FIG. 20 is a block diagram of an MZ modulator hav- 
ing a conventional operating point control circuit; 
FIG. 21 is a waveform cfiagram showing an opera- 
tion in a state that the operating point drifts; and 
FIG. 22 is a block diagram of a conventional optical 
add/drop apparatus. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0034] The embodiment of optica) communication 
apparatuses according to the invention will be hereinaf- 
ter described with reference to the accompanying draw- 
ings. Besides, the same reference numerals of each 
figure indicate that they have the same constructions 
and description thereof win be omitted in the following. 
[0035] The optical communication apparatus 
according to the first embodiment will be explained 
based on the accompanying figure. 
[0036] In FIG. 1 , this optical communication appara- 
tus is composed of optical branching unit 10 and 12, an 
optical modulating unit 1 1 , an operating point controlling 
unit 13, a controlling unit 14, and an optical detecting 
unit 15. 

[0037] Light entered to an input port is branched by 
the optical branching unit 10 that branches light into two. 
The first branched input light that has been branched off 
by the optical branching unit 1 0 is modulated by the opti- 
cal modulating unit 1 1 in accordance with a modulation 
signal to be transmitted. A modulated optical signal that 
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is outputted from the optical modulating unit 11 is 
branched by the optical branching unit 1 2 that branches 
light into two. 

[0038] The first optical signal branched off by the 
optical branching unit 12 is exit to an output port On the 
other hand, the second optical signal branched off by 
the optical branching unit 12 is entered to the operating 
point controlling unit 13 that controls the operating point 
of the optical modulating unit 1 1 is entered. 
[0039] The operating point controlling unit 13 can 
keep the operating point of the optical modulating unit 
1 1 in the optimum state when receiving a part of the 
optical signal that is exit from the optical modulating unit 
11. 

[0040] On the other hand, the optical detecting unit 
15 detects the intensity of the second branched input 
light that has been branched off by the optical branching 
unit 10, and outputs a signal in accordance with the 
detected light intensity. For example, the optical detect- 
ing unit 15 outputs a signal when the light intensity is a 
predetermined value or less. Alternatively, the optical 
detecting unit 15 outputs a signal when the light inten- 
sity is zero. So that the operating point controlling unit 
1 3 can keep the operating point stable, the signal that is 
generated in accordance with the light intensity is input- 
ted to the controlling unit 14 that controls the operation 
of the operating point controlling unit 1 3. 
[0041] When receiving a signal from the optical 
detecting unit 15, the controlling unit 14 controls stop- 
ping the operation of the operating point controlling unit 
13. Alternatively, the controlling unit 14 controls the 
operating point controlling unit 13 so that it keeps the 
operating point in a limited range. 
[0042] In this manner, the optical detecting unit 15 
can detect whether the intensity of input light is a prede- 
termined value or less. Therefore, when the intensity of 
the input fight is the predetermined value or less, the 
controlling unit 14 can control, in accordance with the 
output of the optical detecting unit 15, the operating 
point controlling unit 1 3 so that it can keep the operating 
point stable. As a result in the optical communication 
apparatus having the above configuration, the operating 
point can be kept stable even when input fight is tempo- 
rarily non-existent. 

[0043] Naturally, the optical detecting unit 15 does 
not output any signals when the intensity of input light is 
larger than the predetermined value so as to use the 
optical modulating unit 11. Therefore, the operating 
point controlling unit 13 controls the operating point to 
the optimum value based only on the output of the opti- 
cal modulating unit 11 that is entered via the optical 
branching unit 12. 

[0044] Next, the optical communication apparatus 
according to the second embodiment will be explained 
based on the accompanying figure. 
[0045] As shown in FIG. 2, the optical communica- 
tion apparatus is composed of an optical modulating 
unit 11, an optical branching unit 21, an operating point 



controlling unit 13, a controlling unit 14, and an optical 
detecting unit 23. 

[0046] Light entered to an input port is modulated 
by the optical modulating unit 1 1. The modulated optical 
5 signal is branched by the optical branching unit 21 that 
branches light into three. 

[0047] The first optical signal that has been 
branched off by the optical branching unit 2 1 is exit to an 
output port On the other hand, the second optical 6ig- 
10 nal that has been branched off by the optical branching 
unit 21 is entered to the operating point controlling unit 
13. 

[0048] On the other hand, the optical detecting unit 
23 detects the light intensity of the third optical signal 

is branched off by the optical branching unit 21 , and out- 
puts a signal in accordance with the detected light inten- 
sity. For example, the optical detecting unit 23 outputs a 
signal when the light intensity of the modulated optical 
signal is a predetermined value or less. Alternatively, 

20 the optical detecting unit 23 outputs a signal when the 
light intensity is zero. The signal that is generated in 
accordance with the light intensity is inputted to the con- 
trolling unit 14. 

[0049] When the intensity of input light is a prede- 

25 termined value or less, the intensity of a modulated opti- 
cal signal that is exit from the optical modulating unit 1 1 
is also a predetermined value or less. Because of this, 
whether the intensity of the input light is the predeter- 
mined value or less can be detected by detecting the 

30 light intensity of the modulated optical signal with the 
optical detecting unit 23. Therefore, the controlling unit 
1 4 can control, in accordance with the output of the opti- 
cal detecting unit 23, the operating point controlling unit 
13 so that it can keep the operating point stable. As a 

35 result in the optical communication apparatus having 
the above configuration, the operating point can be kept 
stable even when input fight is temporarily non-existent. 
[0050] Naturally, the optical detecting unit 15 does 
not output any signals when the intensity of input light is 

40 larger than the predetermined value so as to use the 
optical modulating unit 11. Therefore, the operating 
point controlling unit 13 controls the operating point to 
the optimum value only based on the output of the opti- 
cal modulating unit 1 1 that is entered via the optical 

45 branching unit 21. 

[0051] Next the optical communication apparatus 
according to the third embodiment will be explained 
based on the accompanying figure. 
[0052] As shown in FIG. 3, the optical communica- 

so tion apparatus is composed of an optical modulating 
unit 1 1, an optical branching unit 12, an operating point 
controlling unit 13. a controlling unit 25, and a modula- 
tion signal detecting unit 26. 
[0053] Light entered to an input port is modulated 

55 by the optical modulating unit 11. A modulated optical 
signal is branched by the optical branching unit 12. 
[0054] The first optical signal branched off by the 
optical branching unit 12 is exit to an output port On the 
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other hand, the second optical signal branched off by 
the optical branching unit 12 is entered to the operating 
point controlling unit 13. 

[0055J A modulation signal to be transmitted is 
inputted to not only the optical modulating unit 11 but 
also the modulation signal detecting unit 26. The modu- 
lation signal detecting unit 26 detects the intensity of the 
modulation signal and outputs a signal in accordance 
with the detected signal intensity. For example, the mod- 
ulation signal detecting unit 26 outputs a signal when 
the signal intensity becomes a predetermined value or 
less. Alternatively, the modulation signal detecting unit 
26 outputs a signal when the signal intensity becomes 
zero. The signal that is generated in accordance with 
the 6ignal intensity is inputted to the controlling unit 25. 
[00561 When receiving a signal from the modulation 
signal detecting unit 26, the controlling unit 25 stops the 
operation of the operating point controlling unit 13. 
Alternatively, the controlling unit 25 controls the operat- 
ing point controlPng unit 1 3 so that it keeps the operat- 
ing point in a limited range. 

10057] In this manner, the modulation signal detect- 
ing unit 26 can detect whether the intensity of a modula- 
tion signal is a predetermined value or less. Therefore, 
when the intensity of the modulation signal is the prede- 
termined value or less, the controlling unit 25 can con- 
trol, in accordance with the output of the modulation 
signal detecting unit 26, the operating point controlling 
unit 13 so that it keeps the operating point stable. As a 
result in the optical communication apparatus having 
the above configuration, the operating point can be kept 
stable even when modulation signal is temporarily non- 
existent 

[0058] Naturally, the modulation signal detecting 
unit 26 does not output any signals when there is infor- 
mation to send and the intensity of a modulation signal 
to be transmitted is larger than the predetermined value. 
Therefore, the operating point controlling unit 13 con- 
trols the operating point to the optimum value only 
based on the output of the optical modulating unit 11 
that is entered via the optical branching unit 12. 
[0059] Next the optical communication apparatus 
according to the fourth embodiment will be explained 
based on the accompanying figure. 
[0060] In FIG.4, this optical communication appara- 
tus is composed of an optical branching unit 10, an opti- 
cal modulating unit 11, an optical attenuating unit 31 . an 
attenuation amount controlling unit 32, and an optical 
detecting unit 33. 

[0061] FIG. 4 shows a configuration in which first 
branched input light that is exit from the optical branch- 
ing unit 10 is exit to an output port via the optical atten- 
uating unit 31 and the optical modulating unit 1 1 . 
[0062] On the other hand, as shown with broken 
lines in the same figure, the optical communication 
apparatus can be configured as the output Bght is exit to 
an output port via the optical modulating unit 1 1 and the 
optical attenuating unit 13. 



[0063] Light entered to an input port is branched by 
the optical branching unit 10. The first branched input 
light that has been branched off by the optical branching 
unit 10 is entered, via the optical attenuating unit 31. to 

5 the optical modulating unit 1 1 , where it is modulated. A 
modulated optical signal that is exit from the optical 
modulating unit 11 is exit to the output port 
[0064] The optical attenuating unit 31 trajects or 
attenuates it to predetermined light intensity (including 

10 zero). Alternatively, the optical attenuating unit 31 is a 
single inputfplural output optical switch. When the opti- 
cal attenuating unit 31 is such an optical switch, one 
output terminal is connected to the optical modulating 
unit 1 1 and the other output terminals) are not con- 

15 nected to anything. 

[0065] On the other hand, the optical detecting unit 
33 detects the intensity of the second branched input 
light that has been branched off by the optical branching 
unit 10, and outputs a signal in accordance with the 

20 detected light intensity. For example, the optical detect- 
ing unit 33 outputs a signal when the light intensity is a 
predetermined value or less. Or, the optical detecting 
unit 33 outputs a signal when the light intensity is zero. 
The signal that is generated in accordance with the light 

25 intensity is inputted to the attenuation amount control- 
ling unit 32. 

[0066] The attenuation amount controlling unit 32 
controls the optical attenuating unit 31. That is, in 
accordance with a signal that is outputted from the opti- 

30 cat detecting unit 33, the attenuation amount controlling 
unit 32 controls the optical attenuating unit 31 so that it 
attenuates the input light to the predetermined intensity. 
Alternatively, where the optical attenuating unit 31 is an 
optical switch, in accordance with a signal that is output- 

35 ted from the optical detecting unit 33, the attenuation 
amount controlling unit 32 switches the output of input- 
ted light to an output terminal to which nothing is con- 
nected. 

[0067] In this manner, the optical detecting unit 33 

40 can detect whether the intensity of input light is a prede- 
termined value or less. Therefore, when the intensity of 
the input light is the predetermined value or less, the 
attenuation amount controlling unit 32 can output input- 
ted light to the optical modulating unit 1 1 attenuating it 

45 to predetermined Bght intensity by controlling the optical 
attenuating unit 31 in accordance with the output of the 
optical detecting unit 33. Alter natively, the attenuation 
amount controlling unit 32 can output the input light to a 
terminal that is not connected to the optical modulating 

bo unit 1 1 . As a result in the optical communication appa- 
ratus having the above configuration, ASE is not exit to 
the output port when no input light exists. 
[0068] Naturally, the optical detecting unit 33 does 
not output any signals when the intensity of \np\j\ Bght is 

55 larger than the predetermined value so as to use the 
optical modulating unit 1 1. At this time, the attenuation 
amount controlling unit 32 controls the optical attenuat- 
ing unit 31 so as to traject the input fight or switch to the 
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terminal that is connected to the optical modulating unit 
11. 

[0069] Next, the optical communication apparatus 
according to the fifth embodiment will be explained 
based on the accompanying figure. 
[0070] In FIG. 5, this optical communication appa- 
ratus is composed of an optical branching unit 10, an 
optical modulating unit 11, an optica! detecting unit 33, 
and a modulation controlling unit 35. 
[0071 ] Light entered to an input port is branched by 
the optical branching unit 10. The first branched input 
light that has been branched off by the optical branching 
unit 10 is modulated by the optical modulating unit 11, 
and the modulated optical signal is exit to an output 
port. 

[0072] On the other hand, the optical detecting unit 
33 detects the intensity of the second branched input 
light that has been branched off by the optical branching 
unit 10, and outputs a signal in accordance with the 
detected light intensity. The signal that is generated in 
accordance with the light intensity is inputted to the 
modulation controlling unit 35. 
[0073] The modulation controlling unit 35 controls 
the optical modulating unit 11. That is. in accordance 
with the signal that is outputted from the optical detect- 
ing unit 33, the modulation controlling unit 35 controls 
the optical modulating unit 1 1 so that it attenuates the 
input light to the predetermined intensity. For example, 
the modulation controlling unit 35 can prevent the opti- 
cal modulating unit 1 1 from producing any output by not 
supplying any energy to the optical modulating unit 1 1 . 
Alternatively, where the optical modulating unit 1 1 is an 
MZ modulator, this can be done by shifting the phases 
of branched input light beams transmitting through two 
respective optical waveguides in the MZ modulator by 
forming a phase difference of 180°. Alternatively, where 
the optical modulating unit 11 utilizes the acousto-opti- 
cal effect this can be done by applying to it an RF signal 
for selecting a wavelength other than the wavelength of 
the input light 

[0074] In this manner, the optical detecting unit 33 
can detect whether the intensity of input light is a prede- 
termined value or less. TTierefbre, when the intensity of 
the input light is the predetermined value or less, the 
modulation controlling unit 35 can prevent the optical 
modulating unit 11 from producing any output by con- 
trolling it in accordance with the output of the optical 
detecting unit 33. As a result, in the optical communica- 
tion apparatus having the above configuration, neither 
ASE nor input light that is not modulated with a modula- 
tion signal is exit to the output port even when input light 
exists but no modulation signal exists. 
[0075] Naturally, the optical detecting unit 33 does 
not output any signals when the intensity of input light is 
larger than the predetermined value so as to use the 
optical modulating unit 11. At this time, the optical mod- 
ulating unit 11 operates normally as a modulating unit 
because it does not receive a signal from the modula- 



tion controlling unit 35. 

[0076] Next, the optical communication apparatus 
according to the sixth embodiment will be explained 
based on the accompanying figure. 

5 In FIG, 6,this optical communication apparatus is com- 
posed of an optical attenuating unit 31 , an optical mod- 
ulating unit 11, an attenuation amount controlling unit 
41, and a modulation signal detecting unit 42. 
[0077] FIG. 6 shows a configuration in which light 

io entered to an input port is exit to an output port via the 
optical attenuating unit 31 and the optical modulating 
unit 11. 

[0078J On the other hand, as shown with broken 
lines in the same figure, the optical communication 
is apparatus can be configured as the output light is exit to 
an output port via the optical modulating unit 1 1 and the 
optical attenuating unit 13. 

[00791 Light entered to the input port is entered, via 
the optical attenuating unit 31, to the optical modulating 
20 unit 1 1 , where it is modulated. A modulated optical sig- 
nal that is exit from the optical modulating unit 1 1 is exit 
to the output port. 

[0080] A modulation signal to be transmitted is 
inputted to not only the optical modulating unit 11 but 

25 also the modulation signal detecting unit 42. The modu- 
lation signal detecting unit 42 detects the intensity of the 
modulation signal and outputs a signal in accordance 
with the detected signal intensity. For example, the mod- 
ulation signal detecting unit 42 outputs a signal when 

30 the signal intensity becomes a predetermined value or 
less. Alternatively, the modulation signal detecting unit 
42 outputs a signal when the signal intensity becomes 
zero. The signal that is generated in accordance with 
the signal intensity is inputted to the attenuation amount 

as controlling unit 41. 

[0081] The attenuation amount controlling unit 41 
controls the optical attenuating unit 31. Tliat is, in 
accordance with a signal that is outputted from the mod- 
ulation signal detecting unit 42, the attenuation amount 

40 controlling unit 41 controls the optical attenuating unit 
31 so that it attenuates the input light to predetermined 
light intensity. Alternatively, where the optical attenuat- 
ing unit 31 is an optical switch, in accordance with a sig- 
nal that is outputted from the modulation signal 

45 detecting unit 33, the attenuation amount controlling 
unit 41 switches the output of the inputted light to an 
output terminal to which nothing is connected. 
[0082] In this manner, the modulation signal detect- 
ing unit 42 can detect whether the intensity of a modula- 

50 tion signal is a predetermined value or less. Therefore, 
when the intensity of the modulation signal is the prede- 
termined value or less, the attenuation amount control- 
ling unit 41 can exit inputted light to the optical 
modulating unit 11 attenuating it to predetermined light 

55 intensity by controlling the optical attenuating unit 31 in 
accordance with the output of the modulation signal 
detecting unit 42. Alternatively, the attenuation amount 
controlling unit 41 can exit inputted light to a terminal 
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that is not connected to the optica! modulating unit 11. 
As a result, in the optical communication apparatus hav- 
ing the above configuration, ASE is not exit to the output 
port when no input light exists. Further, neither ASE nor 
input light that is not modulated with a modulation signal 
is exit to the output port even when input light exists but 
no modulation signal exists, 
[0033] Naturally, the modulation signal detecting 
unit 42 does not output any signals when there is infor- 
mation to send and the intensity of a modulation signal 
to be transmitted is larger than the predetermined value. 
At this time, the attenuation amount controlling unit 41 
controls the optical attenuating unit 31 so that it trajects 
the input light or switches to the terminal that is con- 
nected to the optical modulating unit 1 1 . 
[0084] The optical communication apparatus 
according to the seventh embodiment will be explained 
based on the accompanying figure 
[0085] In FIG.7, this optical communication appara- 
tus is composed of an optical modulating unit 11, a 
modulation signal detecting unit 42, and a modulation 
controlling unit 45. 

[0086] light entered to an input port is modulated 
by the optical modulating unit 11. A modulated optical 
signal is exit to an output port 
[0087] A modulation signal to be transmitted is 
inputted to not only the optical modulating unit 1 1 but 
also to the modulation signal detecting unit 4Z The 
modulation signal detecting unit 42 outputs a signal in 
accordance with the intensity of the modulation signal. 
The signal that is outputted from the modulation signal 
detecting unit 42 is inputted to the modulation control- 
ling unit 45. 

[0088] . Trie modulation controlling unit 45 controls 
the optical modulating unit 11. That is, in accordance 
with a signal that is outputted from the modulation signal 
detecting unit 42, the modulation controlling unit 45 con- 
trols the optical modulating unit 1 1 so that it attenuates 
the input light to the predetermined light intensity. For 
example, the modulation controlling unit 45 can prevent 
the optical modulating unit 1 1 from producing any out- 
puts by not supplying any energy to it. Alternatively, 
where the optical modulating unit 11 is an MZ modula- 
tor, this can be done by shifting the phases of branched 
input light beams transmitting through two respective 
optical waveguides in the MZ modulator by forming a 
phase difference of 1 80°. As a further alternative, where 
the optical modulating unit 1 1 utiBzes the acousto-opti- 
cal effect, this can be done by applying to it an RF signal 
for selecting a wavelength other than the wavelength of 
the input tight 

[0089] In this manner, the modulation signal detect- 
ing unit 42 can detect whether the intensity of a modula- 
tion signal is a predetermined value or less. Therefore, 
when the intensity of the modulation signal is the prede- 
termined value or less, the modulation controlling unit 
45 can prevent the optical modulating unit 1 1 from pro- 
ducing any outputs by controlling it. As a result, in the 



optical communication apparatus having the above con- 
figuration, neither ASE nor input Oght that is not modu- 
lated with a modulation signal is exit to the output port 
even when input Oght exists but no modulation signal 



[0090] Naturally, the modulation signal detecting 
unit 42 does not output any signals when there is infor- 
mation to send and the intensity of a modulation signal 
to be transmitted is larger than the predetermined value. 

w At this time, the optical modulating unit 1 1 operates nor- 
mally as a modulating unit because it does not receive a 
signal from the modulation controlling unit 45. 
[0091] Next, the optical communication apparatus 
according to the eighth embodiment will be explained 

is based on the accompanying figure. 

[0092] As shown in FIG. 8. this optical communica- 
tion apparatus is composed of optical branching unit 10 
and 12, an optical attenuating unit 50, an optical modu- 
lating unit 11, an operating point controlling unit 13, a 

20 controDing unit 14, and an optical detecting unit 15. 
[0093] Light entered to an input port is branched by 
the optical branching unit 10. First branched input light 
is entered to the optical attenuating unit 50. Output light 
of the optical attenuating unit 50 is modulated by the 

25 optical modulating unit 1 1 . A modulated optical signal is 
branched by an optical branching unit 12. The first opti- 
cal signal branched off by the optical branching unit 12 
is exit to an output port On the other hand, the second 
optical signal branched off by the optical branching unit 

30 12 is entered to the operating point controlling unit 13. 
[0094] The optical attenuating unit 50 trajects 
received input light or attenuates it to predetermined 
light intensity (including zero) in accordance with the 
intensity of the input light Alternatively, the optical 

35 attenuating unit 50 is a single inputfciural output optical 
switch. Where the optical attenuating unit 50 is such an 
optical switch, one output terminal is connected to the 
optical modulating unit 11 and the other output termi- 
nal^) are not connected to anything. 

40 [0095] On the other hand, the optical detecting unit 
15 detects the intensity of second branched input light 
that has been branched off by the optical branching unit 
10, and outputs a signal in accordance with the 
detected light intensity. The signal that is generated in 

45 accordance with the light intensity is inputted to the con- 
trolling unit 14. 

[0096] The optical communication apparatus hav- 
ing the above configuration not only operates in the 
same manner as the optical communication apparatus 
so according to the first embodiment of the invention but 
also does not exit ASE to the output port when no input 
fight exists. 

[0097] That is, the optical attenuating unit 50 judges 
whether the intensity of the light received is a predeter- 
55 mined value or less and attenuates the light received in 
accordance with the judgment result Therefore, when 
the intensity of the light received is the predetermined 
value or less, the optical attenuating unit 50 attenuates 
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it to predetermined intensity and outputs resulting light 
Alternatively, where the optical attenuating unit 50 is an 
optical switch, when the intensity of the light received is 
the predetermined value or less, the optical attenuating 
unit 50 switches to outputting the light received to an s 
output terminal to which nothing is connected. There- 
fore, the optical communication apparatus having the 
above configuration does not exit ASE to the output port 
when no input light exists. 

[0098] Naturally, the optical attenuating unit 50 tra- 10 
jects input fight and outputs it when the intensity of the 
input light is larger than the predetermined value so as 
to use the optical modulating unit 11. Alternatively, 
where the optical attenuating unit 50 is an optical 
switch, it switches to outputting the light received to the » 
terminal that is connected to the optical modulating unit 
11. 

[0099] Note that, the optical attenuating unit 50 
placed at the input of the optical modulating unit 1 1 in 
this optical communication apparatus as shown in FIG. zo 
8 can also be placed at the output of the same. 
[0100] Next, the optical communication apparatus 
according to the ninth embodiment will be explained 
based on the accompanying figure. 
[01 01 ] As shown in FIG. 9, this optica! communica- zs 
tion apparatus is composed of optical branching unit 10 
and 1 2, an optical modulating unit 55, an operating point 
controlfing unit 13, a controlling unit 1 4, and an optical 
detecting unit 15. 

[0102] Ught entered to an input port is branched by so 
the optical branching unit 10. First branched input light 
is modulated by the optical modulating unit 55 in 
accordance with a modulation signal to be transmitted. 
The modulated optical signal that is exit from the optical 
modulating unit 55 is branched by the optical branching ss 
unit 1 2 that branches light into two beams. 
[0103] The optical modulating unit 55 controls 
whether to output a modulated optical signal, in accord- 
ance with the intensity of the modulation signal or the 
intensity of the light received. *o 
[0104] The first optical signal branched off by the 
optical branching unit 12 is exit to an output port On the 
other hand, the second optical signal branched off by 
the optical branching unit 12 is entered to the operating 
point controlling unit 13. 45 
[01 05] On the other hand, the optical detecting unit 
15 detects the intensity of second branched input light 
that has been branched off by the optical branching unit 
10, and outputs a signal in accordance with the 
detected light intensity. This signal is inputted to the so 
controlling unit 14. 

[0106] The optical communication apparatus hav- 
ing the above configuration not only operates in the 
same manner as the optical communication apparatus 
according to the first embodiment of the invention but 55 
also does not exit ASE to the output port when no input 
tight exists. 

[0107] The optical modulating unit 55 judges 



whether the intensity of the light received is a predeter- 
mined value or less or whether the intensity of the mod- 
ulation signal is a predetermined value or less. As a 
result the optical modulating unit 55 produces no output 
when the intensity of the light received is the predeter- 
mined value or less or the intensity of the modulation 
signal is the predetermined value or less. For example, 
it is possible to prevent the optical modulating unit 55 
from producing any outputs by not supplying energy to 
it. Alternatively, where the optical modulating unit 11 is 
an MZ modulator, this can be done by shifting the 
phases of branched Gght beams transmitting through 
two respective optical waveguides in the MZ modulator 
by forming a phase difference of 180°. Alternatively, 
where the optical modulating unit 1 1 utilizes the acou- 
sto-optical effect, this can be done by applying to it an 
RF signal for selecting a wavelength other than the 
wavelength of the input light Therefore, the optical com- 
munication apparatus having the above configuration 
does not exit ASE nor input light that is not modulated 
with a modulation signal even when input light exists but 
no modulation signal exists. 

[0108] Naturally, the optical modulating unit 55 
operates normally as a modulating unit when the inten- 
sity of the input light is larger than the predetermined 
value or when the intensity of the modulation signal is 
larger than the predetermined value so as to use the 
optical modulating unit 55. 

[0109] Note that, the controlling unit 14 controlled 
by the optical communication apparatus according to 
the input light of the optical modulating unit 55 as shown 
in FIG. 9 can also be controlled according to the output 
light of the optical modulating unit 55 or a modulation 
signal. 

[0110] Next, the optical communication apparatus 
according to the tenth embodiment wfll be explained 
based on the accompanying figure. 
[01 1 1] In FIG.10, this optical communication appa- 
ratus is composed of optical branching unit 10 and 12, 
an optical modulating unit 11, an operating point con- 
trolling unit 13, a controlling unit 14, an optical detecting 
unit 15, an optical attenuating unit 31, an attenuation 
amount controlling unit 41, and a modulation signal 
detecting unit 42. 

[01 1 2] Ught entered to an input port is branched by 
the optical branching unit 10. First branched input light 
is entered, via the optical attenuating unit 31 , to the opti- 
cal modulating unit 11. where it is modulated. A modu- 
lated optical signal is branched by the optical branching 
unit 12. 

[0113] The first optical signal branched off by the 
optical branching unit 12 is exit to an output port On the 
other hand, the second optical signal branched off by 
the optical branching unit 12 is entered to the operating 
point controlling unit 13. 

[01 1 4] On the other hand, the optical detecting unit 
15 detects the intensity of second branched input light 
that has been branched off by the optical branching unit 



9 



17 



EP 1 030 489 A2 



18 



10, and outputs a signal in accordance with the 
detected Gght intensity. The signal that is generated in 
accordance with the light intensity is inputted to the con- 
trolling unit 14. 

[0115] A modulation signal to be transmitted is 5 
inputted to not only the optical modulating unit 11 but 
also the modulation signal detecting unit 42. The modu- 
lation signal detecting unit 42 detects the intensity of the 
modulation signal and outputs a signal in accordance 
with the detected signal intensity, which is inputted to 10 
the attenuation amount controlling unit 41 . 
[0116] tn this manner, the optical detecting unit 15 
can detect whether the intensity of input light is a prede- 
termined value or less. Therefore, when the intensity of 
the input light is the predetermined value or less, the T5 
controlling unit 14 can control, in accordance with the 
output of the optica) detecting unit 15, the operating 
point controlling unit 13 so that it keeps the operating 
point stable As a result, in the optical communication 
apparatus having the above configuration, the operating 20 
point can be kept stable even when input light is tempo- 
rarily non-existent 

[0117] Naturally, the optical detecting unit 15 does 
not output any signals when the intensity of input light is 
larger than the predetermined value so as to use the 25 
optical modulating unit 11. Therefore, the operating 
point controlling unit 13 controls the operating point to 
the optimum value only based on the output of the opti- 
cal modulating unit 1 1 that is entered via the optical 
branching unit 12. 30 
[0118] Further, the modulation signal detecting unit 
42 can detect whether the intensity of a modulation sig- 
nal is a predetermined value or less. Therefore, when 
the intensity of the modulation signal is the predeter- 
mined value or less, the attenuation amount controlling 35 
unit 41 can exit inputted light to the optical modulating 
unit 1 1 attenuating it to predetermined light intensity by 
controlling the optical attenuating unit 31 in accordance 
with the output of the modulation signal detecting unit 
42. Alternatively, the attenuation amount controlling unit 40 
41 can exit the input Gght to a terminal that is not con- 
nected to the optical modulating unit 11. As a result in 
the optical communication apparatus having the above 
configuration, ASE is not exit to the output port when no 
input light exists. Further, neither ASE nor input light 45 
that is not modulated with a modulation signal is exit to 
the output port even when input light exists but no mod* 
ulation signal exists. 

[0119] Naturally, the modulation signal detecting 
unit 42 does not output any signals when there is inior- so 
mation to send and the intensity of a modulation signal 
to be transmitted is larger than the predetermined value. 
At this time, the attenuation amount controlling unit 41 
controls the optical attenuating unit 31 so that it trajects 
input light or causes the optical attenuating unit 1 1 to 55 
switch to supplying the light received to the terminal that 
is connected to the optical modulating unit 1 1 . 
[0120] Note that, in this optical communication 



apparatus, the controlling unit 14 can be controlled 
according to the detection done by the optical detecting 
unit 15 on light output from the optical modulating unit 
11 together with having the optical attenuating unit 31 
placed at the output of optical modulating unit 11, as 
shown in broken lines, instead of having the optical 
detecting unit 15 detect input light together with having 
the optical attenuating unit 31 placed at the input of opti- 
cal modulating unit 1 1, as shown in FIG. 10. 
[0121] Next the optical communication apparatus 
according to the eleventh embocfiment will be explained 
based on the accompanying figure. 
[01 22] In FIG. 1 1 , this optical communication appa- 
ratus is composed ol optical branching unit 10 and 12, 
an optical modulating unit 1 1 , an operating point con- 
trolling unit 13, a controlBng unit 14, an optical detecting 
unit 15, a modulation signal detecting unit 42, and a 
modulation controlling unit 45. 
[01 23] Light entered to an input port is branched by 
the optical branching unit 10. First branched input light 
is entered to the optical modulating unit 1 1, where rt is 
modulated. A modulated optical signal is branched by 
the optical branching unit 12. 
[0124] The first optical signal branched off by the 
optical branching unit 12 fe exit to an output port On the 
other hand, the second optical signal branched off by 
the optical branching unit 1 2 is entered to the operating 
point controlling unit 13. 

[0125] On the other hand, the optical detecting unit 
15 detects the intensity of second branched input light 
that has been branched off by the optical branching unit 
10, and outputs a signal in accordance with the 
detected light intensity which is inputted to the control- 
ling unit 14. 

[0126] A modulation signal to be transmitted is 
inputted to not only the optical modulating unit 11 but 
also the modulation signal detecting unit 42. The modu- 
lation signal detecting unit 42 outputs a signal in accord- 
ance with the intensity of the modulation signal, and the 
signal that is outputted is inputted to the modulation 
controlling unit 45. 

[0127] In this manner, the optical detecting unit 15 
can detect whether the intensity of input light is a prede- 
termined value or less. Therefore, when the intensity of 
the input light is the predetermined value or less, the 
controlling unit 14 can control, in accordance with the 
output of the optical detecting unit 15, the operating 
point controlling unit 13 so that it keeps the operating 
point stable. As a result, in the optical communication 
apparatus having the above configuration, the operating 
point can be kept stable even when input light is tempo- 
rarily non-existent. 

[0128] Naturally, the optical detecting unit 15 does 
not output any signals when the intensity of input fight is 
larger than the predetermined value so as to use the 
optical modulating unit 11. Therefore, the operating 
point controlling unit 13 controls the operating point to 
the optimum value only based on the output of the opti- 



10 



19 



EP1030 469 A2 



20 



cal modulating unit 11 that is entered via the optical 
branching unit 12. 

[01 29] Further, the modulation signal detecting unit 
42 can detect whether the intensity of a modulation sig- 
nal is a predetermined value or less. Therefore, when s 
the intensity of the modulation signal is the predeter- 
mined value or less, the modulation controlling unit 45 
can prevent the optical modulating unit 1 1 from produc- 
ing any output by controlling the optical modulating unit 
1 1. As a result in the optical communication apparatus 
having the above configuration, neither ASE nor input 
light that is not modulated with a modulation signal is 
exit to the output port even when input light exists but no 
modulation signal exists. 

[0130] Naturally, the modulation signal detecting 
unit 42 does not output any signals when there is infor- 
mation to send and the intensity of a modulation signal 
to be transmitted is larger than the predetermined value. 
At this time, the optical modulating unit 1 1 operates nor- 
mally as a modulating unit because it does not receive a 
signal from the modulation controlling unit 45. 
[0131] Note that, the controlling unit 14 controlled 
by the optical communication apparatus according to 
the input light of the optical modulating unit 1 1 as shown 
in FIG.1 1 can also be controlled, according to the output 
light of the optical modulating unit 11 or a modulation 
signal as shown with broken lines. 
[0132] Next, the optical communication apparatus 
according to the twelfth embodiment will be explained 
based on the accompanying f igure. 
[0133] In FIG.12, this optical communication appa- 
ratus is composed of optical branching unit 10 and 12, 
an optical modulating unit 11, an operating point con- 
trolling unit 13. a controlling unit 14, an optical detecting 
unit 15, an optical attenuating unit 31. an attenuation 
amount controlling unit 61, and a modulation signal 
detecting unit 42. 

[01 34] Light entered to an input port is branched by 
the optical branching unit 10. First branched input light 
is entered, via the optical attenuating unit 31 , to the opti- 
ca! modulating unit 11, where it is modulated. A modu- 
lated optical signal is branched by the optical branching 
unit 12. 

[0135] The first optical signal branched off by the 
optical branching unit 1 2 is exit to an output port On the 
other hand, the second optical signal branched off by 
the optical branching unit 12 is entered to the operating 
point controlling unit 13. 

[01 36] On the other hand, the optical detecting unit 
15 detects the intensity of second branched input light 
that has been branched off by the optical branching unit 
10, and outputs a signal in accordance with the 
detected light intensity, which is inputted to the control- 
ling unit 14 and the attenuation amount controlling unit 
61. 

[0137] A modulation signal to be transmitted is 
inputted to not only the optical modulating unit 1 1 but 
also the modulation signal detecting unit 42. where the 



intensity of the modulation signal is detected and a sig- 
nal in accordance with the detected signal intensity is 
outputted. The output signal in accordance with the sig- 
nal intensity is inputted to the attenuation amount con- 
trolling unit 61. 

[0138] The attenuation amount controlling unit 61 
controls the optical attenuating unit 31. That is, the 
attenuation amount controlling unit 61 calculates the 
AND of the signal of the optical detecting unit 15 and the 
signal of the modulation signal detecting unit 42. and 
controls the optical attenuating unit 31 so that it attenu- 
ates the light received to predetermined light intensity. 
Alternatively, where the optical attenuating unit 31 is an 
optical switch, in accordance with the signal of the opti- 
cal detecting unit 15, the attenuation amount controlling 
unit 61 switches the output of the inputted light to an 
output terminal to which nothing is connected. 
[0139] In this manner, the optical detecting unit 15 
can detect whether the intensity of input light is a prede- 
termined value or less. Therefore, when the intensity of 
the input light is the predetermined value or less, the 
controlling unit 14 can control, in accordance with the 
output of the optical detecting unit 15, the operating 
point controlling unit 13 so that it can keep the operating 
point stable. As a result, in the optical communication 
apparatus having the above configuration, the operating 
point can be kept stable even when input light is tempo- 
rarily non-existent 

[0140] Naturally, the optical detecting unit 15 does 
not output any signals when the intensity of input light is 
larger than the predetermined value so as to use the 
optical modulating unit 11. Therefore, the operating 
point controlling unit 13 controls the operating point to 
the optimum value only based on the output of the opti- 
cal modulating unit 11 that is entered via the optical 
branching unit 12. 

[01 41 ] Further, the modulation signal detecting unit 
42 can detect whether the intensity of a modulation sig- 
nal is a predetermined value or less. "The attenuation 
amount controlling unit 61 also receives a signal from 
the optical detecting unit 15 and calculates the AND of 
this signal and a signal of the modulation signal detect- 
ing unit 42. Therefore, when the intensity of the input 
light is the predetermined value or less or when the 
intensity of the modulation signal is the predetermined 
value or less, the attenuation amount controlling unit 61 
can output inputted light to the optical modulating unit 
11 after being attenuated to predetermined light inten- 
sity by controlPng the optical attenuating unit 31. Alter- 
natively, the attenuation amount controlling unit 61 can 
have the optical attenuating unit 31 exit the light 
received to a terminal that is not connected to the opti- 
cal modulating unit 11. As a result, in the optical com- 
munication apparatus having the above configuration, 
ASE is not exit to the output port when no input light 
exists. Further, neither ASE nor input light that is not 
modulated with a modulation signal is exit to the output 
port even when input light exists but no modulation sig- 
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nal exists. 

[01421 Naturally, when there is information to send, 
the intensity of a modulation signal to be transmitted is 
larger than the predetermined value, and the intensity of 
input fight is larger than the predetermined value, the 5 
attenuation amount controlling unit 61 controls the opti- 
cal attenuating unit 31 so that it trajects the input light or 
switches the output of the inputted fight to the terminal 
that is connected to the optical modulating unit 1 1. 
[0143] Note that, in this optical communication 
apparatus, the controlling unit 14 and attenuation 
amount controlling unit 61 can be controlled according 
to the detection done by the optical detecting unit 1 5 on 
light output from the optical modulating unit 1 1 together 
with having the optical attenuating unit 31 placed at the 
output of optical modulating unit 1 1 , as shown in broken 
lines, instead of having the optical detecting unit 15 
detect input fight together with having the optical atten- 
uating unit 31 placed at the input of optical modulating 
unit 11, as shown in FIG. 12. 
[0144] Next, the optica! communication apparatus 
according to the thirteenth embodiment will be 
explained based on the accompanying figure. 
[0145] In FIG.13. this optical communication appa- 
ratus is composed of optical branching unit 10 and 12, 
an optical modulating unit 11, an operating point con- 
trolling unit 13, a controlling unit 14, an optical detecting 
unit 15. a modulation signal detecting unh 42, and a 
modulation controlling unit 65. 
[0146] Light entered to an input port is branched by 
the optica! branching unit 10. Ftrst branched input light 
is entered to the optical modulating unit 11, where it is 
modulated. A modulated optical signal is branched by 
the optical branching unit 12. 
[0147] The first optical signal branched off by the 
optical branching unit 12 is outputted to an output port 
On the other hand, the second optical signal branched 
off by the optical branching unit 12 is entered to the 
operating point controlling unit 13. 
[0148] On the other hand, the optical detecting unit 
15 detects the intensity of second branched input light 
that has been branched off by the optical branching unit 
10, and outputs a signal in accordance with the 
detected light intensity. The output signal in accordance 
with the light intensity is inputted to the controlling unit 
14 and the modulation controlling unit 65. 
[0149] A modulation signal to be transmitted is 
inputted to not only the optical modulating unit 11 but 
also the modulation signal detecting unit 42. The modu- 
lation signal detecting unit 42 outputs a signal in accord- 
ance with the intensity of the modulation signal, which is 
inputted to the modulation controlling unit 65. 
[0150] The modulation controlling unit 65 controls 
the optical modulating unit 1 1 . That is. the modulation 
controlling unit 65 calculates the AND of the signal from 
the optical detecting , unit 15 and the signal from the 
modulation signal detecting unit 42, and controls the 
optical modulating unit 1 1 so that it attenuates the light 



received to a predetermined light intensity. For example, 
the modulation controlling unh 65 can prevent the opti- 
cal modulating unit 11 from producing any outputs by 
not supplying energy to it Alter natively, where the opti- 
cal modulating unit 1 1 is an MZ modulator, the modula- 
tion controlling unit 65 can prevent the optical 
modulating unit 1 1 from producing any outputs by shift- 
ing the phases of branched input fight beams transmit- 
ting through two respective optical waveguides in the 
MZ modulator so as to form a phase difference of 180°. 
As a further alternative, where the optical modulating 
unit 11 utilizes the acousto-optical effect the modula- 
tion controlling unit 65 can prevent the optical modulat- 
ing unit 1 1 from producing any outputs by applying to it 
an RF signal for selecting a wavelength other than the 
wavelength of the input fight 
[0151] In this manner, the optical detecting unit 15 
can detect whether the intensity of input light is a prede- 
termined value or less. Therefore, when the intensity of 
the input light is the predetermined value or less, the 
controlling unit 14 can control, in accordance with the 
output of the optical detecting unit 15. the operating 
point controDing unit 13 so that it keeps the operating 
point stable As a result, in the optical communication 
apparatus having the above configuration, the operating 
point can be kept stable even when input light is tempo- 
rarily non-existent. 

[01 52] Naturally, the optical detecting unh 1 5 does 
not output any signals when the intensity of input light is 
larger than the predetermined value so as to use the 
optical modulating unit 11. Therefore, the operating 
point controlling unit 13 controls the operating point to 
the optimum value based only on the output of the opti- 
cal modulating unh 11 that is entered via the optical 
branching unit 12. 

[01 53] Further, the modulation signal detecting unh 
42 can detect whether the intensity of a modulation sig- 
nal is a predetermined value or less. The modulation 
controlling unit 65 also receives a signal from the optical 
detecting unit 15 and calculates the AND of this signal 
and a signal of the modulation signal detecting unit 42. 
Therefore, when the intensity of the input light is the pre- 
determined value or less or when the intensity of the 
modulation signal is the predetermined value or less, 
the modulation controlling unit 65 can prevent the opti- 
cal modulating unh 11 from producing outputs by con- 
trolling the optical modulating unit 1 1 . As a result, in the 
optical communication apparatus having the above con- 
figuration, neither ASE nor input light that is not modu- 
lated with a modulation signal is outputted to the output 
port even when input light exists but no modulation sig- 
nal exists. 

[0154] Naturally, neither the modulation signal 
detecting unit 42 nor the optical detecting unit 15 output 
a signal to the modulation controlling unit 65 when there 
is information to send, the intensity of a modulation sig- 
nal to be transmitted is larger than the predetermined 
value, and the intensity of input fight is larger than the 
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predetermined value. As a result the optical modulating 
unit 1 1 operates normally as a modulating unit because 
it does not receive a signal from the modulation control- 
ling unit 65. 

[0155] Note that, the controlling unit 14 controlled 
by the optical comrnunication apparatus according to 
the input light of the optical modulating unit 1 1 as shown 
in FIG. 13 can also be controlled according to the output 
light of the optical modulating unit 11 or a modulation 
signal as shown with broken lines. 
[0156] Next, the optical communication apparatus 
according to the fourteenth embodiment will be 
explained based on the accompanying figure. 
[0157] As shown in FIG. 14, this optical add/drop 
apparatus is composed of an add/drop unit 70, an opti- 
cal wavelength branching unit 73, and an optical adding 
unit 75. 

[0158] Actually, the optical addAJrop apparatus is 
provided with optical wavelength branching unit 73 and 
optical adding unit 75 in the number equivalent to the 
number of wavelengths of light beams to be added or 
dropped. However, each optical wavelength branching 
unit 73 is the same in configuration and different only in 
the wavelength of fight on which to perform a receiving 
operation, and each optical adding unit 75 is the same 
in configuration and different only in the wavelength of 
light to be added. Therefore, in FIG. 14, only one of the 
plurality of optical wavelength branching unit 73 and 
only one of the plurality of optical adding unit 75 are 
shown by solid lines and the other unit are shown with 
broken lines. 

[01 59] The add/drop unit 70 is connected to an opti- 
cal transmission fine for transmitting through a wave- 
length-division multiplexed optical signal, and adds and 
drops optical signals of at least one wavelength to and 
from an optical signal transmitting through the optical 
transmission line. When dropping, optical signals are 
dropped to optical wavelength branching unit 73 via an 
optical distributing unit 72 that distributes optical signals 
in accordance with the number of optical wavelength 
branching unit 73. When adding, ah optical multiplexing 
unit 74 multiplexes adding optical signals coming from 
respective optical adding unit 75 wavelength-division 
multiplexes the multiplexed addition light with an optical 
signal trajecting the optical add/drop apparatus and out- 
putted to the optical transmission fine. 
[0160] The optical wavelength branching unit 73 
performs receiving operations on distributed optical sig: 
nals of respective wavelengths. On the other hand, the 
optica! adding unit 75 generates addition fight beams to 
be added to an optical signal on the optical transmission 
line. 

[01 61 ] The conf iguration of each optical adding unit 
75 will be described below, which is composed of optical 
branching unit 10 and 12, an optical modulating unit 11, 
an operating point controlling unit 13, a controlling unit 
14, and an optical detecting unit 15. 
[0162] Input fight of a particular wavelength that is 



entered to an input port is branched by the optical 
branching unit 10. First branched input light that has 
been branched off by the optical branching unit 10 is 
modulated by the optical modulating unit 11. A modu- 

5 lated optical signal is branched by the optical branching 
unit 12. Each particular wavelength is different among 
the respective optical adding unit 75. 
[0163] The first optical signal branched off by the 
optical branching unit 12 is exit to an output port and 

w entered to the optical multiplexing unit 74. On the other 
hand, the second optical signal branched off by the opti- 
cal branching unit 12 is entered to the operating point 
controlling unit 13 that controls the operating point of the 
optical modulating unit 11. 

75 [01 641 On the other hand, the optical detecting unit 
15 detects the intensity of second branched input light 
that has been branched off by the optical branching unit 
10, and outputs a signal in accordance with the 
detected light intensity, which is inputted to the controi- 

20 ling unit 14. 

[0165] In this manner, the optical detecting unit 15 
can detect whether the intensity of input light is a prede- 
termined value or less. Therefore, when the intensity of 
the input light is the predetermined value or less, the 

25 controlling unit 14 can control, in accordance with the 
output of the optical detecting unit 15, the operating 
point controlling unit 13 so that it can keep the operating 
point stable. As a result in the optical add/drop appara- 
tus having the above configuration, the operating point 

30 of the optical adding unit 75 can be kept stable even 
when the optical adding unit 75 has no input light 
because no addition fight is to be supplied to the 
add/drop unit 70. 

[01 66] Naturally, the optical detecting unit 1 5 does 
35 not output any signals when the intensity of input light is 
larger than the predetermined value to generate addi- 
tion light by the optical adding unit 75. Therefore, the 
operating point controlling unit 1 3 controls the operating 
point to the optimum value only biased on the output of 
40 the optical modulating unit 1 1 that is entered via the 
optical branching unit 12. 

[01671 Note that the optical communication appa- 
ratus according to the first embodiment applied as opti- 
cal adding unit 75 in the fourteenth embodiment can be 
as replaced by the optical communication apparatuses in 
the second through the thirteenth embodiments. 
[0168] Next the fifteenth embodiment will be 
explained. 

[0169] First the configuration of the fifteenth 

so embodiment will be described. 

[01 70] In FIG. 1 5,this optical add/drop apparatus is 
composed of optical amplifiers 101 and 103. an OADM 
102, an 1 x M optical coupler 104, M optical wavelength 
branching circuits 105. an N x 1 optical multi/demulti- 

65 plexer 106, and N optical addition circuits 107a 

[01 71 ] Although this optical add/drop apparatus has 
the M optical wavelength branching circuits 1 05 and the 
N optical addition circuits 107a, in FIG. 15 only one of 
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the M optical wavelength branching circuits 105 and 
only one of the N optical addition circuits 107a are 
shown by solid lines and the other circuits are shown 
with broken lines because the circuits of each group 
have the same conf iguration. 
[0172] A wavelength-cfivision multiplexed optical 
signal transmitting through an optical transmission line 
enters the optical add/drop apparatus and is amplified 
by the amplifier 101 that amplifies an optical signal to 
predetermined Oght intensity. The amplified optical sig- 
nal is entered to the OADM 102 that adds or drops a 
wavelength-division multiplexed optical signal. Signal 
light beams of predetermined wavelengths that have 
been dropped by the OADM 102 are entered to the 1 x 
M optical coupler 104 that divides the optical signal(s) 
into as many optical wavelength branching circuits there 
are. The optical signal's) cfistrfouted by the 1 x M optical 
coupler 104 are entered to and performed receiving 
operations on optical signals of respective wavelengths 
in the optical wavelength branching circuits 105. On the 
other hand, optical signals to be added in the OADM 
102 are generated by the optical addition circuits 107a, 
which are provided in N. that is, the number of optical 
signals to be added in the OADM 102. The optical sig- 
nals to be added and an optical signal that has not been 
dropped in the OADM 102 are waveleogtrvdrvision mul- 
tiplexed with each other, and a resulting optical signal is 
amplified by the optical amplifier 1 03 and then outputted 
to the optical transmission line. 
[0173] Each optical addition circuit 107a is com- 
posed of a laser diode bank (hereinafter abbreviated as 
"LD bank') 110, optical amplifiers 111 and 115, optical 
couplers 112 and 114, an M2 modulator 113, PDs 116 
and 123, amplifiers 117 and 121. a comparator 118, a 
switch 119, a variable gain amplifier 120, a coupling 
capacitor 1 22, a buffer ampftier 1 24, a multiplier 1 25, an 
LPF 126, a differential amplifier 127, an inductor 128, a 
capacitor 129, a resistor 130, and a low-frequency oscil- 
lator 131. 

[0174] The circuit composed of the variable gain 
amplifier 120, the amplifier 121, the coupling capacitor 
122. the PD 123, the buffer amplifier 124, the multiplier 
125, the LPF 126, the differential amplifier 127, the 
inductor 128, the capacitor 129, the resistor 130, and 
the low-frequency oscillator 131 is called an operating 
point control circuit. 

[0175] In FK3. 15, the LD bank 110 can exit laser 
beams of a plurality of wavelengths L1-L8 correspond- 
ing to the wavelengths for wavelength-division multi- 
plexing. The wavelength of light to be exited actually is 
selected in accordance with a detection signal that is 
generated by detecting available wavelengths of the 
optical transmission Ene with a wavelength monitor (not 
shown in FIG. 15). For example, the LD bank 110 exits 
light of a wavelength L2, which is entered to the optical 
amplifier 111. Amplified light is branched into two 
beams by the optical coupler 112, and first branched 
light is entered to the M2 modulator 113. 



[0176] A modulation signal and a low-frequency 
signal of a predetermined frequency fO that is outputted 
from the low-frequency oscillator 131 are inputted to the 
variable gain amplifier 120. The variable gain amplifier 

5 120 amplitude-modulates and outputs the signal 
received The output signal is inputted to one modula- 
tion-input terminal of the MZ modulator 113 via the 
amplifier 121 which gains a predetermined signal level 
and the coupling capacitor 122. 

io [0177] The resistor 130 and a Was T circuit that is 
composed of the inductor 1 28 and the capacitor 129 are 
connected to the other modulation-input terminal of the 
MZ modulator 113. 

[0178] The MZ modulator 1 13 modulates the light erf 
is the wavelength L2 that is exit from the LD bank110 into 
an optical signal with the signal supplied from the drive 
circuit and outputs it 

[0179] Part of the output light of the MZ modulator 
113 is branched off by the optical coupler 114 and 

20 thereby taken out. The other part of the output light is 
amplified by the optical amplifier 1 15 and then entered 
to the above-mentioned Nx 1 optical murti/demultiplexer 
1 06. The branched part of the output fight is detected by 
the PD 123. A detection signal is amplified by the buffer 

25 amplifier 1 24 that selectively amplifies a frequency com- 
ponent of fO, and is inputted to the multiplier 125. The 
low-frequency signal that is outputted from the low-fre- 
quency oscBlator 131 is also inputted to the multiplier 
125. The multiplier 125 compares the phases of the 

30 input signal supplied from the buffer amplifier 124 and 
the low-frequency signal supplied from the low-fre- 
quency oscillator 131, and outputs a signal in accord- 
ance with a phase difference. The multiplexer 125 
detects the low-frequency signal of the predetermined 

35 frequency fO that was superimposed by the variable 
gain amplifier 120. 

[0180] The output signal of the multiplier 125 is 
inputted to one input terminal of the differential amplifier 
127 via the LPF 126 that allows passage of a frequency 

40 component of the predetermined frequency fO or less 
and the switch 119. The other input terminal of the dif- 
ferential amplifier 127 is grounded. An output of the dif- 
ferential amplifier 127 is inputted to the inductor 128 of 
the bias T circuit as an error signal to be used for mov- 

45 ing the operating point and the bias value is variably 
controlled so as to correct the operating point. 
[0181] On the other hand, second branched light 
that has been branched off by the optical coupler 1 1 2 is 
entered to the PD 1 16, which outputs an electrical sig- 

60 nal that is in proportion to the average intensity of the 
second branched light Thai is, the PD 1 16 detects the 
intensity of the fight that is exit from the LD bank 1 10. 
[0182] The electrical signal that is outputted from 
the PD 1 16 is amplified by the amplifier 117 and then 

55 compared with a reference voltage Vref by the compa- 
rator 1 18. When the electrical signal is smaller than or 
equal to the reference voltage Vref, the comparator 1 18 
outputs a signal to the switch 1 1 9 and controls the on/off 
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of switch 119. 

[0183] When receiving a signal from the compara- 
tor 1 18, the switch 119 is turned off to disconnect the 
LPF 126 from the differential amplifier 127. During the 
period when no signals are received by the comparator 5 
1 1 8, the switch 1 1 9 is turned on to connect the LPF 1 26 
with the differential amplifier 127. 
[0184] Next, functions and advantageous effects of 
the fifteenth embodiment wfll be described. 
[0185] The optical add/drop apparatus having the to 
above configuration can keep the operating point stable 
even if the input light does not exist during the period 
when the wavelength of light exit from the LD bank 1 10 
is changed in the optical addition circuit 107a, for exam- 
ple, during the period when laser light of wavelength 12 is 
is switched to laser light of wavelength L4. 
[0186] This will be explained below in the case 
where the wavelength L2 is switched to the wavelength 
L4. 

[0187] At first, since a wavelength-division mufti- 20 
plexed signal transmitting through the optical transmis- 
sion line has an available wavelength L2, the LD bank 
110 exits light of the wavelength L2. Trie exit light is 
modulated by the MZ modulator 113. added in the 
QADM102 as an addition light via the N x 1 optical 25 
mutti/demuttiplexer 106, and inputted to the optical 
transmission line. The exit light is also entered to the 
operating point control circuit where it is used to control 
the operating point of the MZ modulator 113. The exit 
light is also photoelectricaliy converted by the PD 1 16, 30 
and an output signal of the PD 116 is judged as to 
whether H is smaller than or equal to the reference volt- 
age Vref by the comparator 118. That is, whether the 
intensity of the light of the wavelength L2 exit from the 
LD bank 1 10 is a predetermined value or less can be 35 
judged by the comparator 1 18 as to whether the electri- 
cal signal that is outputted from the PD 1 16 is smaller 
than or equal to the predetermined reference voltage 
Vref. 

[01 88] Since the light of the wavelength L2 exit from 40 
the LD bank 1 1 0 is used as addition light its light inten- 
sity is larger than the predetermined value and hence 
the comparator 1 1 8 does not output any signals. There- 
fore, the switch 1 19 is kept on and LPF 126 is kept con- 
nected with differential amplifier 127. As a result the 45 
operating point control circuit continues to operate nor- 
mally. 

[0189] Then, the available wavelength of a wave- 
length-division multiplexed signal transmitting through 
the optical transmission line is changed from L2 to L4, so 
whereupon the LD bank 1 10 stops exiting the light of the 
wavelength L2. 

[0190] At this time, the level of the output signal of 
the PD 1 16 decreases to approximately zero. Since the 
output signal is smaller than the reference voltage Vref, 65 
the comparator 1 18 sends a signal to the switch 119. 
The switch 1 1 9 is turned off and the LPF 1 26 is discon- 
nected from the differential amplifier 127. As a result, 



the operating point control circuit stops operating, and 
the operating point is put back to the initial state and 
kept in a range where it can be controlled by the operat- 
ing point control circuit Therefore, the operating point is 
never left in an unstable state. 
[0191] Then, the LD bank 110 exits fight of the 
wavelength L4. At this time, the output signal of the PD 
116 increases to approximately the same level as in the 
case of the wavelength L2. Therefore, the output signal 
of the PD 1 16 becomes larger than the reference volt- 
age Vref and hence the comparator 118 does not send 
any signals. The switch 119 is turned on and the LPF 
126 is connected to the differential amplifier 127. At this 
time, the operating point control circuit controls the 
operating point starting from the initial state and hence 
can operate normally. 

[01 92] While the above description is directed to the 
case where the LD bank 1 10 stops the light to exit tem- 
porally to change the wavelength of exit fight, the oper- 
ating point can be kept stable in a similar manner also in 
a case where the light exiting is stopped to use another 
optical addition circuit 107a in the optical add/drop 
apparatus. 

[0193] Next, the sixteenth embodiment wfll be 
described. 

[0194] At first, the sixteenth embodiment will be 
described starting from its configuration. 
[0195] As shown in FIG. 16, this optica! add/drop 
apparatus is composed of optical amplifiers 101 and 
103, an OADM 102, an 1 xM optical coupler 104, M 
optical wavelength branching circuits 105, an N x 1 opti- 
cal mufti/demultiplexer 106, and N optical addition cir- 
cuits 107b. 

[01 96] Although this optical add/drop apparatus has 
the M optical wavelength branching circuits 1 05 and the 
N optical addition circuits 107b, in FIG. 16 only one of 
the M optical wavelength branching circuits 105 and 
only one of the N optical addition circuits 107b are 
shown by solid lines and the other circuits are shown 
with broken lines because the circuits of each group 
have the same configuration. 
[0197] A wavelength-division multiplexed optical 
signal transmitting through an optical transmission line 
enters the optical add/drop apparatus and is entered to 
the QADM 102 via the optical amplifier 101 . Signal light 
beams of predetermined wavelengths that have been 
dropped by the OADM 102 are distributed by the 1 x M 
optical coupler 104 and then entered to the optical 
wavelength branching circuits 105, where they are 
received. On the other hand, WDM optical signals to be 
added in the OADM 102 are generated by the optical 
addition circuits 107b, which are provided in N. that is, 
the number of WDM optical signals to be added in the 
OADM 102. The optical signals to be added and an opti- 
ca) signal that has not been dropped in the OADM 102 
are wavelength-division multiplexed with each other, 
and a resulting WDM optical signal is outputted to the 
optical transmission line via the optical amplifier 103. 
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[0198J Each optical addition circuit 107b Is com- 
posed of an LD bank 110, optica] amplifiers 111 and 
1 15, an optical coupler 140, an MZ modulator 1 13. PDs 
123 and 141, a buffer amplifier 124. amplifiers 121 and 
142, a comparator 143, switches 144 and 148. a varia- 5 
We gain amplifier 120. a coupling capacitor 122, a mul- 
tiplier 125, an LPF 126. a differential amplifier 127, an 
inductor 128, capacitors 129 and 151, resistors 130, 
1 45, and 1 46. a low-frequency oscillator 1 31 , field-effect 
transistors (hereinafter abbreviated as TETs") 147 and to 
1 49, and operational amplifiers 1 50 and 1 52. 
[0199] In FIG. 16, laser light exit from the LD bank 
1 10 is entered to the MZ modulator 113 via the optical 
amplifier 111. 

[0200] A modulation signal and a low-frequency is 
signal of a predetermined frequency fO that is outputted 
from the low-frequency osdDator 131 are inputted to the 
variable gain amplifier 120. An output signal of the vari- 
able gain amplifier 120 is inputted to one modulation- 
input terminal of the MZ modulator 1 1 3 via the amplifier 20 
121 and the coupling capacitor 122. 
[0201 ] As for the other modulation-input terminal of 
the MZ modulator 1 13, to which the resistor 130 and a 
bias T circuit that is composed of the inductor 1 28 and 
the capacitor 129 are connected. 25 
[0202] The MZ modulator 1 1 3 modulates the light of 
the LD bank, for example, a wavelength of L2, with the 
signal supplied from the drive circuit, into an optical sig- 
nal, and outputs it 

[0203] The output light of the MZ modulator 1 13 is so 
branched into three beams by the optical coupler 140. 
First branched output light is entered to the PD 123. 
Second branched output light is entered to the PD 141. 
Third branched output light is entered to the above- 
mentioned N x 1 optical rnufti/demuttiplexer 106 via the 35 
optical ampler 1 15. The first branched output light is 
detected by the PD 123, and a detection signal is input- 
ted to the multiplier 125 via the buffer amplifier 124. The 
low-frequency signal that is outputted from the low-fre- 
quency oscillator 131 is also inputted to the multiplier 40 
125. The multiplier 125 compares the phases of the 
input signal supplied from the buffer amplifier 124 and 
the low-frequency signal supplied from the low-fre- 
quency oscillator 131, and outputs a signal in accord- 
ance with a phase difference. 45 
[0204] The output signal of the multiplier 125 is 
inputted to the LPF 12a An output of the LPF 126 is 
inputted to one input terminal of the differential amplifier 
127 via the switch 144 as wefl as to the non-inverting 
input terminal (+} of the operational amplifier 152. The 50 
other input terminal of the differential amplifier 127 is 
grounded. An output of the differential amplifier 127 is 
inputted to the inductor 1 28 of the bias T circuit, and the 
bias value is variably controlled so as to correct the 
operating point 55 
[0205] An output of the operational amplffier 152 is 
inputted to the drain terminal of the FET 147 and the 
source terminal of the FET 149. 



[0206] The gate terminal of the FET 147, which is 
controlled by the switch 148, is connected to a voltage 
source Vcc via the switch 148. The source terminal of 
the FET 147 is connected to the inverting input terminal 
(-) of the operational amplffier 152 via the resistor 145 
as well as to the inverting input terminal (-) of the oper- 
ational ampBfier 150 via the resistor 146. 
[0207] The gate terminal of the FET 149, which is 
controlled by the switch 148, is connected to the voltage 
source Vcc via the switch 1 48. The drain terminal of the 
FET 149 is grounded via the capacitor 151 and con- 
nected to the non-inverting terminal (+) of the opera- 
tional amplifier 150. 

[0208] A circuit composed of the operational ampli- 
fiers 150 and 152, the FETS 147 and 149, the resistors 
145 and 146, and the capacitor 151 is a holding circuit 
tor holding the output voltage of the LPF 126. 
[0209] On the other hand, the second branched 
output light is detected by the PD 1 41 , which outputs an 
electrical signal that is in proportion to the average 
intensity of the second branched output light That is, 
the PD 141 detects the intensity of the light that is exit 
from the LD bank 1 10 by monitoring the output light of 
the MZ modulator 113. 

[0210] The electrical signal that is outputted from 
the PD 141 is amplified by the amplifier 142 and then 
compared with a reference voltage Vref by the compa- 
rator 143. When the electrical signal is smaller than or 
equal to the reference voltage Vref, the comparator 143 
outputs a signal to the switches 144 and 148 and 
thereby controls these switches. 
[0211] The switch 144 can switch connecting the 
LPF 126 to the differential amplifier 127 and connecting 
the output terminal of the operational amplifier 150 to 
the differential amplifier 127. Usually, the switch 144 
connects the LPF 126 to the differential amplifier 127. 
but upon reception of a signal from the comparator 1 43, 
the switch 144 switches to connecting the output termi- 
nal of the operational amplifier 150 to the differential 
amplifier 127. When it no longer receives the signal 
coming from the comparator 143, the switch 144 again 
connects the LPF 126 to the differential amplifier 127. 
[0212] The switch 148 controls the on/off of the 
FETs 147 and 149 in accordance with a signal supplied 
from the comparator 143. That is, while a signal from 
the comparator 143 is not received, the switch 148 con- 
nects the voltage source Vcc to the gate terminal of the 
FET 149. thereby keeping the FET 149 on and keeping 
the FET 147 off. On the other hand, upon reception of a 
signal from the comparator 143, the switch 148 turns off 
the FET 1 49 and connects the voltage source Vcc to the 
gate terminal of the FET 147, thereby turning on the 
FET 147. 

[021 3] Next functions and advantageous effects of 
the sixteenth embodiment will be described. 
[0214] The optical add/drop apparatus having the 
above configuration can keep the operating point of the 
MZ modulator 1 1 3 stable even if the input light no longer 
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exists during a period when the wavelength of fight exit 
from the LD bank 1 1 0 is changed in th optical addition 
circuit 1 07b. for example, during a period laser light of a 
wavelength L2 is changed to laser Dght of a wavelength 
L4. 5 
[0215] This will be explained below in the case 
when the wavelength L2 is changed to the wavelength 
L4. 

[0216] At first, since a wavelength-division multi- 
plexed signal transmitting through the optical transmis- 
sion line has an available wavelength L2, the LD bank 
110 exits light of the wavelength L2. The exit light is 
modulated by the MZ modulator 113. added by the 
OADM 102 as addition light via the N x 1 optical 
multi/demultiplexer 106, and outputted to the optical 
transmission line. The exit fight is also entered, via the 
optical modulator 1 13 etc.. to the operating point control 
circuit, where it is used to control the operating point of 
the MZ modulator 113. The exit fight is photoelectrically 
converted by the PD 141 via the MZ modulator 113 etc. 
An output signal of the PD 141 is judged by the compa- 
rator 143 as to whether it is smaller than or equal to the 
reference voltage Vref. That is. whether the intensity of 
the light of the wavelength L2 exit from the LD bank 110 
is a predetermined value or less can be judged by the 
comparator 143 as to whether the electrical signal that 
is outputted from the PD 141 is smaller than or equal to 
the predetermined reference voltage Vref. 
[021 7] Since the light of the wavelength L2 exit from 
the LD bank 110 is used as addition light its light inten- 
sity is larger than the predetermined value and hence 
the comparator 143 does not output any signala There- 
fore, the switch 144 keeps connecting the LPF 126 to 
the differential amplifier 127. As a result, the operating 
point control circuit continues to operate normally. Fur- 
ther, the switch 148 turns the FETs 147 and 149 on and 
off, respectively. As a result, the output voltage of the 
LPF 126 is stored in the capacitor 151. 
[0218] Then, the available wavelength of a wave- 
length-division multiplexed signal transmitting through 
the optical transmission line is changed from L2 to L4, 
whereupon the LD bank 1 10 stops exiting the light of the 
wavelength L2. 

[0219] At this time, the level of the output signal of 
the PD 141 decreases to approximately zero. Since the 
output signal is smaller than the reference voltage Vref, 
the comparator 143 sends a signal to the switches 144 
and 148. The switch 144 switches from connecting the 
LPF 126 to the differential amplifier 127 to connecting 
the output terminal of the operational amplifier 150 to 
the differential amplifier 127. Further, the switch 148 
turns the FET 147 on and turns the FET 149 off. There- 
fore, the output voltage of the LPF 1 26 which is as same 
as the voltage stored in the capacitor 1 51 is outputted to 
the output terminal of the operational amplifier 150. As 
a result, the differential amplifier 127 maintains the state 
just before the LD bank 1 10 stops exiting the fight of the 
wavelength L2. Therefore, the operating point is nev r in 



an unstable state. 

[0220] Then, the LD bank 110 exits fight of the 
wavelength LA At this time, the output signal of the PD 
141 increases to approximately the same level as in the 
case of the wavelength L2. Therefore, Ihe output signal 
of the PD 141 becomes larger than the reference volt- 
age Vref and hence the comparator 143 does not send 
any signals. The switch 144 switches again from con- 
necting the output terminal of the operational amplifier 
150 with the differential amplifier 127 to connecting the 
LPF 126 with the differential amplifier 127. Therefore, 
the operating point control circuit controls normally the 
operating point of the MZ modulator 1 13 based on the 
optical signal entered from the optical modulator 1 13. 
[0221 1 In addition, since the operating point control 
circuit holds the state just before switching the laser light 
of the wavelength L2 to the laser light of the wavelength 
L4. the operating point can be compensated tor more 
quicWy than in a case where the control of the operating 
point is started from the initial state. 
[0222] While the above description is directed to the 
case where the LD bank 110 temporally stops the light 
to exit to change the wavelength of exit light, the operat- 
ing point can be kept stable in a similar manner also in 
a case where the light exiting is stopped to use another 
optical addition circuit 107b in the optical add/drop 
apparatus. 

[0223] Next, the seventeenth embodiment will be 
descrbed. 

[0224] At first the seventeenth embocfimerrt will be 
descrbed starting from its configuration. 
This optical add/drop apparatus is composed of optical 
amplifiers 101 and 103, an OADM 102, an 1 x M optical 
coupler 104, M optical wavelength branching circuits 
105, an N x 1 optical multi/demultiplexer 106. and N 
optical addition circuits 107c. 
[0225] Although this optical add/drop apparatus has 
the M optical wavelength branching circuits 1 05 and the 
N optical addition circuits 107a, in FIG. 17 only one of 
the M optical wavelength branching circuits 105 and 
only one of the N opticaJ addition circuits 107c are 
shown by solid lines and the other circuits are shown 
with broken lines because the circuits of each group 
have the same configuration. 
[0226] A wavelength-division multiplexed optical 
signal transmitting through an optical transmission line 
enters the optical add/drop apparatus, and is amplified 
by the amplifier 101 and then entered to the OADM 102. 
Signal light beams of predetermined wavelengths that 
have been dropped by the OADM 102 are entered to the 
1 x M optical coupler 104. The optical signal(s) distrib- 
uted by the 1 x M optical coupler 1 04 are entered to the 
optical wavelength branching circuits 105, where they 
are subjected to receiving operations. On the other 
hand, optical signals to be added by the OADM 102 are 
generated by the optical addition circuits 107c. The opti- 
cal signals to be added and an optical signal that has 
not been dropped in the OADM 102 are wavelength- 
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cfivision multiplexed with each other, and is amplified by 
the optical ampler 103 and then outputted to the opti- 
cal transmission One. 

[0227] Each optical addition circuit 107c is com- 
posed of an LO bank 110. optical amplifiers 111 and i 
115, an optical coupler 1 14, an MZ modulator 1 13, a PD 
123, a diode 160, amplifiers 121 and 162, a buffer 
amplifier 124, a comparator 163, a switch 164, a varia- 
ble gain amplifier 120, a coupling capacitor 122, a mul- 
tiplier 125. an LPF 126. a differential amplifier 127, an 1 
inductor 128. a capacitor 129, resistors 130 and 161, 
and a low-frequency oscillator 131. 
[02281 m FIG. 17, laser light exit from the LD bank 
1 1 0 is entered to the MZ modulator 1 13 via the optical 
amplifier 111. r r , 

[0229] A modulation signal and a low-frequency 
signal of a predetermined frequency fO that is outputted 
from the low-frequency osdDator 131 are inputted to the 
variable gain amplifier 120. An output signal of the vari- 
able gain amplifier 120 is inputted to we modulation- 21 
input terminal of the MZ modulator 1 1 3 via the amplifier 
121 and the coupling capacitor 122. 
[0230] The resistor 130 and a bias T circuit that is 
composed of the inductor 1 28 and the capacitor 1 29 are 
connected to the other modulation-input terminal of the 25 
MZ modulator 113. 

[0231 ] The MZ modulator 1 1 3 modulates the light of 
the wavelength L2 that is exit from the LD bank 110 into 
an optical signal with the signal supplied from the drive 
circuit and outputs it. 30 
[0232] Part of the output light of the MZ modulator 
113 is branched off by the optical coupler 114 and 
thereby taken out The other part of the output fight is 
entered to the above-mentioned N x 1 optical 
multiflemuhiplexer 106 via the optical amplifier 115. 35 
The branched part of the output light is detected by the 
PD 123, and a detection signal is inputted to the multi- 
plier 125 via the buffer amplifier 124. The low-frequency 
signal that is outputted from the low-frequency oscillator 
131 is also inputted to the multiplier 125. The multiplier 40 
125 compares the phases of the input signal supplied 
from the buffer amplifier 124 and the low-frequency sig- 
nal supplied from the low-frequency oscillator 131, and 
outputs a signal in accordance with a phase difference. 
[0233] The output signal of the multiplier 125 is 4S 
inputted to one input terminal of the differential amplifier 
1 27 via the LPF 1 26 and the switch 1 64. The other input 
terminal of the differential amplifier 127 is grounded. An 
output of the differential amplifier 127 is inputted to the 
inductor 128 of the bias T circuit and the bias value is 50 
variably controlled so as to correct the operating point. 
[0234] On the other hand, the modulation signal is 
connected to one terminal of the diode 160. The other 
terminal of the diode 160 is grounded via the resistor 
1 61 . The modulation signal is half-wave-rectified by the 55 
diode 160, whereby a voltage corresponding to the 
intensity of the modulation signal is detected at both 
ends of the resistor 161. 



[0235] The voltage corresponding to the intensity of 
the modulation signal is amplified by the amplifier 162 
and then compared with a reference voltage Vref by the 
comparator 1 63. If this voltage is smaller than or equal 
to the reference voltage Vref, the comparator 163 out- 
puts a signal to the switch 164 and controls it 
[0236] The switch 1 64 can switch between connect- 
ing the LPF 126 to the differential amplifier 1 27 and con- 
necting a reference voltage V1 to the differential 
0 amplifier 127. Normally, the switch 164 connects the 
LPF 1 26 to the differential amplifier 1 27. Upon reception 
of a signal from the comparator 163, the switch 164 
switched to connecting the reference voltage V1 to the 
differential amplifier 127. When the signal coming from 
> the comparator 163 is terminated, the switch 1 64 again 
connects the LPF 126 to the differential amplifier 127. 
[0237] The reference voltage V1 has a value in a 
range where the operating point can be controlled by 
the operating point control circuit 
' [0238] Next, functions and advantageous effects of 
the seventeenth embodiment will be described. 
[0239] The optical add/drop apparatus having the 
above configuration can keep the operating point stable 
even during a period when there is no modulation signal 
to be transmitted in the optical addition circuit 107c. 
[0240] For example, the optical addition circuit 1 07c 
operates in the following manner in a case where a 
modulation signal first exists, then loses its existence, 
and back in existence again. 
[0241 ] At first a modulation signal to be transmitted 
modulates input fight that is supplied from the LD bank 
1 10 with the MZ modulator 1 13. Modulated input light as 
addition light is added as addition light by the OADM 
102 supplied via the N x 1 optical multi/demuftiplexer 
1 06 and outputted to the optical transmission line. 
[0242] The signal intensity of the modulation light is 
detected by the diode 1 60 and the resistor 1 61 , and the 
comparator 163 judges whether a voltage correspond- 
ing to the intensity of the modulation signal is smaller 
than or equal to the predetermined reference voltage 
Vref. That is, it is judged whether the intensity of the 
modulation signal is the predetermined value or less. 
[0243] At this point since there exists a modulation 
signal to be transmitted, the comparator 163 does not 
send any signals to the switch 164. Therefore, the 
switch 164 connects the LPF 126 to the differential 
amplifier 127. The operation point control circuit oper- 
ates normally, whereby the operating point of the MZ 
modulator 113 can be controlled by an optical signal 
entered from the MZ modulator 113. 
[0244] Then, since the signal to be added does not 
exist in the optical addttrop apparatus, or an optical 
addition circuit of the N number of circuits other than the 
current optical addition circuit 107c is used, the modula- 
tion signal will no longer exist 
[0245] At this time, the voltage value of the resistor 
161 decreases to approximately zero Since the voltage 
value is smaller than the ref rence voltage Vref, the 
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comparator 163 sends a signal to the switch 164. The 
switch 164 switches from connecting the LPF 1 26 to the 
differential amplifier 127 to connecting the reference 
voltage V1 to the differential amplifier 127. As a result, 
the operating point control circuit maintains the operat- 
ing point at the reference voltage VI, Therefore, the 
operating point is never in an unstable state. 
[0246] Then, a modulation signal to be transmitted 
generates again, whereupon a voltage is developed in 
the resistor 161. As a result since the voltage value 
becomes larger than the reference voltage Vref, the 
comparator 163 does not send any signals. The switch 
1 64 switches connecting the reference voltage V1 to the 
differential amplifier 127 to connecting the LPF 126 to 
the differential amplifier 127. Therefore, the operating 
point control circuit controls normally the operating point 
of the MZ modulator 113 based on an optical signal 
entered from the MZ modulator 113, shifting from the 
state of the reference voltage V1. 
[0247] In this case, if the reference voltage V1 is 
selected properly in consideration of the temperature of 
the MZ modulator 1 13 in operation and other factors, 
the operating point can be compensated more quickly 
than in the case of starting the operating point control 
from the initial state. 

[0248] Next, the eighteenth erribodiment will be 
described. 

[0249] At first, the eighteenth embocfiment will be 
described starting from its configuration. 
[0250] in FIG. 1 8, this optical add/drop apparatus is 
composed of optical amplifiers 101 and 103, an OADM 
102, an 1 x M optical coupler 104, M optical wavelength 
branching circuits 105, an N x 1 optical multi/demulti- 
plexer 106. and N optical adcfition circuits 107d. 
[0251 ] Although this optical add/drop apparatus has 
the M optical wavelength branching circuits 105 and the 
N optical addition circuits 107d, in FIG. 18 only one of 
the M optical wavelength branching circuits 105 and 
only one of the N optical addition circuits 107d are 
shown by solid lines and the other circuits are shown 
with broken lines because the circuits of each group 
have the same configuration. 
[0252] A wavelength-division multiplexed optical 
signal transmitting through an optical transmission line 
enters the optical add/drop apparatus, is amplified by 
the amplifier 101. and then entered to the OADM 102. 
Signal light beams of predetermined wavelengths that 
have been dropped by the OADM 1 02 are entered to the 
1 x M optical coupler 104. The optical signal(s) distrib- 
uted by the 1 x M optical coupler 104 are entered to the 
optical wavelength branching circuits 105, where they 
are subjected to receiving operations. On the other 
hand, optical signals to be added in the OADM 102 are 
generated by the optical addition circuits 107d. The opti- 
cal signals to be added and an optical signal that has 
not been dropped in the OADM 102 are wavelength- 
division multiplexed with each other, and a resulting 
optical signal is amplified by the optical amplifier 103 



and then outputted to the optical transmission line. 
[0253] Each optical addition circuit 107d is com* 
posed of an LD bank 110, optical amplifiers 111 and 
115, optical couplers 112 and 114, an MZ modulator 

s 113, PD6 116 and 123. amplifiers 117, 121. and 162, a 
buffer amplifier 124, comparators 1 18 and 163, a switch 
1 19, a variable gain amplifier 120, a coupling capacitor 
122, a multiplier 125, an LPF 126, a differential amplffier 
127, an inductor 128, a capacitor 129, resistors 130 and 

io 161. a low-frequency oscillator 131, a diode 160, an 
adder 170, and an optical attenuator 171. 
[0254] In FIG. 18, laser fight exit from the LD bank 
110 is entered to the optical amplifier 111. Amplified 
light is branched into two beams by the optical coupler 

is 112, and first branched light is entered to the MZ modu- 
Iator113via the optical attenuator 171. 
[0255] On the other hand, second branched light 
that has been branched off by the optical coupler 1 1 2 is 
entered to the PD 116. An electrical signal that is out- 

20 putted from the PD 1 1 6 is amplified by the amplifier 1 1 7 
and then compared with a reference voltage Vrefl by 
the comparator 118. When the electrical signal is 
smaller than or equal to the reference voltage Vrefl , the 
comparator 118 outputs a signal to the switch 1 19 and 

25 the adder 170. The switch 1 19 is controlled in accord- 
ance with the output of the comparator 118. When 
receiving a signal from the comparator 118, the switch 
1 19 is turned off and thereby disconnects the LPF 126 
from the differential amplifier 1 27. During a period when 

30 no signal is received from the comparator 118. the 
switch 1 19 is kept on and thereby connects the LPF 126 
to the differential amplifier 127. 
[0256] A modulation signal and a low-frequency 
signal of a predetermined frequency fO that is outputted 

as from the low-frequency oscillator 131 are inputted to the 
variable gain amplifier 120. An output signal of the vari- 
able gain amplifier 120 is inputted to one modulation- 
input terminal of the MZ modulator 1 13 via the amplifier 
121 and the coupling capacitor 122. 

40 [0257] The resistor 1 30 and a bias T circuit that is 
composed of the inductor 1 28 and the capacitor 1 29 are 
connected to the other modulation-input terminal of the 
MZ modulator 113. 

[0258] The MZ modulator 1 13 modulates light that 
45 is exited from the LD bank 1 10, for example, the light of 
a wavelength L2 into an optical signal, with the signal 
supplied from the drive circuit and outputs it 
[0259] Part of the output light of the MZ modulator 
113 is branched off by the optical coupler 114 and 
so thereby taken out The other part of the output light is 
entered to the above-mentioned N x 1 optical 
multi/demultiplexer 106 via the optical amplifier 115. 
The branched part of the output light is detected by the 
PD 123, and a detected signal is inputted to the multi- 
55 plier 1 25 via the buffer amplifier 1 24. The low-frequency 
signal that is outputted from the low-frequency oscillator 
131 is also inputted to the multiplier 125. The multiplier 
125 compares the phases of the input signal supplied 
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from the buff©- amplifier 124 and the tow-frequency sig- 
nal supplied from the tow-frequency escalator 131, and 
outputs a signal in accordance with a phase difference. 
[0260] The output signal of the multiplier 125 is 
inputted to one input terminal of the offierential amplifier 
1 27 via the LPF 1 26 and the switch 1 1 9. The other input 
terminal of the differential ampl&ier 127 is grounded. An 
output of the differential amplifier 127 is inputted to the 
inductor 128 of the bias T circuit, and the bias value is 
variably controlled so as to correct the operating point of 
the MZ modulator 113. 

[0261 J On the other hand, the modulation signal is 
grounded via the diode 160 and the resistor 161 . A volt- 
age corresponding to the intensity of the modulation sig- 
nal is detected at both terminals of the resistor 161. 
[0262] The voltage corresponding to the intensity of 
the modulation signal is inputted, via the amplifier 162, 
to the comparator 163, where it is compared with a ref- 
erence voltage Vref2. If an electrical signal is smaller 
than or equal to the reference voltage Vref2, the compa- 
rator 1 63 outputs a signal to the adder 1 70. 
[0263] The adder 170 ANDs the signal supplied 
from the comparator 118 and the signal supplied from 
the comparator 163 and outputs a result to the optical 
attenuator 171. That is, the adder 170 outputs a signal 
to the optical attenuator 171 when receiving (a) sig- 
nals) from either or both comparators 1 1 8 and 1 63, and 
only when no signals are received from either of the 
comparators 1 18 and 163 does it not output any signals 
to the optical attenuator 1 71 . 
[0264] When receiving an output of the adder 170, 
the optical attenuator 1 71 attenuates the intensity of the 
input light that is supplied from the optical coupler 1 12 to 
a predetermined intensity. When receiving no output 
from the adder 170. the optical attenuator 171 trajects 
the input light that is supplied from the optical coupler 
1 12 and outputs it to the MZ modulator 1 13. 
[0265] Next functions and advantageous effects of 
the eighteenth embodiment will be described. 
[0266] The optical add/drop apparatus having the 
above configuration can keep the operating point stable 
even rf the input light loses its existence during a period 
when the wavelength of light exit from the LD bank 1 1 0 
is changed in the optical addition circuit 1 07d, for exam- 
ple, during a period when laser light of a wavelength L2 
is changed to laser light of a wavelength L4. Further, 
neither ASE nor input light that is not modulated with a 
modulation signal is sent to the N x 1 optical 
mufttfdemuttiplexer 106 even during a period when the 
optical addition circuit 107d has no modulation signal to 
be transmitted or there is no light to be exited from the 
LD bank 110. 

[0267] The operation of the operating point control 
circuit in the fourth embodiment to stabilize the operat- 
ing point is the same as that in the first embodiment and 
hence is not described here. 

[0268] The operation in the fourth embodiment to 
avoid sending ASE or input light that is not modulated 



with a modulation signal to the N x 1 optical mirfti/demul- 
tip lexer 106 wiD be descrbed below. 
[0269] The intensity of a modulation signal is 
detected by the diode 160 and the resistor 161. A voft- 

5 age corresponding to the intensity of the modulation sig- 
nal is judged by the comparator 163 as to whether the 
voltage is smaller than or equal to the predetermined 
reference voltage Vref2, that is, whether the intensity of 
the modulation signal is the predetermined value or 

10 less. 

[0270] When there exists a modulation signal to be 
transmitted, the comparator 163 does not send any sig- 
nals to the adder 170. Therefore, the adder 170 does 
not output any signals to the optical attenuator 171, and 
is hence the MZ modulator 113 modulates the light 
received with the modulation signal and outputs result- 
ing light 

[0271] On the other hand, when the modulation sig- 
nal no longer exists, the voltage value of the resistor 1 61 

20 decreases to approximately 2ero. Since the voltage 
value becomes smaller than or equal to the reference 
voltage Vref2, the comparator 163 sends a signal to the 
adder 170. Therefore, the adder 170 outputs a signal to 
the optical attenuator 171, which attenuates the input 

25 light to the predetermined light intensity (including zero). 
Therefore, neither ASE nor input that is not modulated 
with a modulation signal is sent to the N x 1 optical 
multi/demultiplexer 106. 

[0272] The input light exit from the LD bank 1 10 is 
30 photoelectricany converted by the PD 1 1 6. The compa- 
rator 1 1 8 judges whether an output signal of the P D 1 1 6 
is smaller than or equal to the reference voltage Vref 1 . 
That is, whether or not input light is being exit from the 
LD bank 110 can be judged by the comparator 118 as to 
35 whether the electrical signal that is outputted from the 
PD 1 16 is smaller than or equal to the predetermined 
reference voltage Vrefl. 

[0273] When the LD bank 1 10 is exiting input Bght, 
the light intensity is larger than the predetermined value 

40 and hence the comparator 1 1 8 does not send any sig- 
nals to the adder 170. Therefore, the adder 170 does 
not output any signals to the optical attenuator 1 71 , and 
hence the MZ modulator 113 modulates the light 
received with a modulation signal and outputs it. 

45 [0274] On the other hand, when the LD bank 110 
stops exiting input light the output signal of the PD 1 16 
decreases to approximately zero. Since the output sig- 
nal becomes smaller than or equal to the reference volt- 
age Vrefl, the comparator 118 sends a signal to the 

so adder 1 70. Therefore, the adder 1 70 outputs a signal to 
the optical attenuator 1 71 , which attenuates ASE that is 
generated in the optical amplifier 1 1 1 etc. to the prede- 
termined light intensity (including zero). Therefore, ASE 
is not sent to the N x 1 optical multi/demultiplexer 106. 

55 [0275] Naturally, when neither a modulation signal 
nor input light exists, the adder 170 outputs a signal to 
the optical attenuator 1 71 and hence ASE is not sent to 
the N x 1 optical multi/demultiplexer 106. 
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[0276] Next, the nineteenth embodiment will be 
described 

[0277] At first, the nineteenth embodiment will be 
described starting from its configuration. 
[0278] in FIG. 1 9, this optica! add/drop apparatus is 
composed of optical amplifiers 101 and 103, an OADM 
102, an 1 x M optical coupler 104, M optical wavelength 
branching circuits 105, an N x 1 optical murti/demuHi- 
plexer 106, and N optical addition circuits I07e. 
[0279] Although this optical add/drop apparatus has 
the M optical wavelength branching circuits 105 and the 
N optical addition circuits 1Q7e, in FIG. 19 only one of 
the M optical wavelength branching circuits 105 and 
only one of the N optical addition circuits 107e are 
shown by solid lines and the other circuits are shown 
with broken lines because the circuits of each group 
have the same configuration. 
[0280] A wavelength-division multiplexed optical 
signal transmitting an optical transmission line enters 
the optical add/drop apparatus, and is amplified by the 
amplifier 101 and then entered to the OADM 102. Signal 
light beams of predetermined wavelengths that have 
been dropped by the OADM 102 are entered to the 1 x 
M optical coupler 104. The optical signals distributed by 
the 1 x M optical coupler 104 are entered to the optical 
wavelength branching circuits 105, where they are sub- 
jected to receiving operations. On the other hand, opti- 
cal signals to be added in the OADM 102 are generated 
by the optical addition circuits 107e. The optical signals 
to be added and an optical signal that has not been 
dropped in the OADM 102 are waveJengtrKfivision mul- 
tiplexed with each other, and a resulting optical signal is 
amplified by the optical amplifier 103 and then outputted 
to the optical transmission line. 
[0281] Each optical addition circuit 107e is com- 
posed of an LD bank 110, optical amplifiers 111 and 
115, optical couplers 112 and 114, an M2 modulator 
113, PDs 116 and 123, amplifiers 117, 121, and 162, a 
buffer amplifier 124, comparators 118 and 163, a switch 
181 , a variable gain amplifier 120, a coupling capacitor 
122, a multiplier 125, an LPF 126, a differentia] amplifier 
127, an inductor 128, a capacitor 129, resistors 130 and 
1 61 , a low-frequency oscillator 1 3 1 , a cfiode 1 60, and an 
adder 180. 

[0282] In FIG. 19, laser light exit from the LD bank 
110 is entered to the optical amplifier 111. Amplified 
light is branched into two beams by the optical coupler 
1 1 2, and first branched Pght is entered to the MZ modu- 
lator 113. 

[0283] On the other hand, second branched light 
that has been branched off by the optical coupler 1 12 is 
entered to the PD 116. An electrical signal that is out- 
putted from the PD 1 1 6 is amplified by the amplifier 1 1 7 
and then compared with a reference voltage Vrefl by 
the comparator 118. When the electrical signal is 
smaller than or equal to the reference voltage Vrefl, the 
comparator 118 outputs a signal to the switch 181 and 
the adder 180. 



[0284] The switch 1 81 can switch between connect- 
ing the LPF 1 26 to Ihe differential amplifier 127 and con- 
necting a reference voltage VI to the differential 
amplifier 127. Normally, the switch 181 connects the 

5 LPF 126 to the differential amplifier 127. Upon reception 
of a signal from the comparator 118, the switch 181 
switches to connecting the reference vdtage V1 to the 
differential amplifier 127. When the signal coming from 
the comparator 118 is terminated, the switch 181 again 

io connects the LPF 126 to the differential amplifier 127. 
[0285] The reference voltage V1 has a vottage 
value in a range where the operating point can be con- 
trolled by the operating point control circuit 
[0286] A modulation signal and a low-frequency 

15 signal of a predetermined frequency fO that is outputted 
from the low-frequency oscillator 131 are inputted to the 
variable gain amplifier 120. An output signal of the vari- 
able gain amplifier 120 is inputted to one modulation- 
input terminal of the MZ modulator 1 13 via the amplffier 

20 121 and the coupling capacitor 122. 

[0287] The resistor 130 and a bias T circuit that is 
composed of the inductor 128 and the capacitor 129 are 
connected to the other modulation-input terminal of the 
MZ modulator 113. 

25 [0288] The MZ modulator 1 13 modulates the light of 
a wavelength L2, for example, that is exit from the LD 
bank 110 with the signal supplied from the drive circuit, 
into an optical signal, and outputs it. Further, when 
receiving a signal from the adder 1 80, the MZ modulator 

30 1 1 3 is prevented from producing output light by shifting 
the phases of light beams transmitting through two 
respective optical waveguides in the MZ modulator 113 
to form a phase difference of 180°. 
[0289] Part of the output light of the MZ modulator 

35 113 is branched off by the optical coupler 114 and 
thereby taken out The other part of the output light is 
entered to the above-mentioned N x 1 optical 
multi/demultiplexer 106 via the optical amplifier 115. A 
part of the branched output light is detected by the PD 

40 1 23, and the detected signal is inputted to the multiplier 
125 via the buffer amplifier 124. The low-frequency sig- 
nal that is outputted from the low-frequency oscillator 
131 is also inputted to the multiplier 125. The multiplier 
125 compares the phases of the input signal supplied 

46 from the buffer amplifier 124 and the low-frequency sig- 
nal supplied from the low-frequency oscillator 131, and 
outputs a signal in accordance with a phase difference. 
[Q290J The output signal of the multiplier 125 is 
inputted to one input terminal of the differential amplifier 

so 1 27 via the LPF 1 26 and the switch 181 . The other input 
terminal of the differential amplifier 127 is grounded. An 
output of the differential amplifier 127 is inputted to the 
inductor 128 of the bias T circuit and the bias value is 
variably controlled so as to correct the operating point of 

55 the MZ modulator 113. 

[0291] On the other hand, the modulation signal is 
grounded via the diode 160 and the resistor 161. A volt- 
age corresponding to the intensity f the modulation sig- 
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nal is detected at both ends of the resistor 161. 
[0292] The voltage corresponding to the intensity of 
the modulation signal is inputted, via the amplifier 162, 
to the comparator 163, where it is compared with a ref- 
erence voltage Vref2. If the voltage is smaller than or 5 
equal to the reference voltage Vref2 t the comparator 
163 outputs a signal to the adder 180. 
[0293] The adder 1 80 ANDs the outputs of the com- 
parators 1 18 and 163 and outputs a result to the MZ 
modulator 113. w 
[0294] Next, functions and advantageous effects of 
the nineteenth ernbodiment will be descrbed. 
[0295] The optical add/drop apparatus having the 
above configuration can keep the operating point stable 
even if the input fight loses its existence during a period 15 
when the wavelength of light exit from the LD bank 110 
is changed in the optical addition circuit 1 07 e, for exam- 
ple, during a period when laser light of a wavelength L2 
is changed to laser light of a wavelength L4. Further, 
neither ASE nor input light that is not modulated with a 20 
modulation signal is outputted to the N x 1 optical 
multWemultiplexer 106 even during a period when the 
optical addition circuit 107e has no modulation signal to 
be transmitted or there is no light to be exited from the 
LD bank 110 25 
[02961 The operation of the operating point control 
circuit in the fifth embodiment to stabilize the operating 
point is the same as that in the first embodiment except 
that in place of the switch 1 19 being turned on or off. 
the switch 1 64 connects one input terminal of the differ- $0 
ential amplifier 127 to the LPF 126 or the terminal of the 
reference voltage V1, and hence it is not described 
here. 

[0297] The operation in the fifth embodiment to 
avoid outputting ASE or input light that is not modulated 35 
with a modulation signal to the N x 1 optical mutti/demul- 
tiplexer 106 will be described below. 
[0298] The intensity of a modulation signal is 
detected by the diode 160 and the resistor 161. A volt- 
age corresponding to the intensity of the modulation sig- ao 
na! is judged by the comparator 163 as to whether the 
voltage is smaller than or equal to the predetermined 
reference voltage Vref2, that is, whether the intensity of 
the modulation signal is the predetermined value or 

ieSS. 45 

[0299] When there is a modulation signal to be 
transmitted, the comparator 163 does not output any 
signals to the adder 1 80. Therefore, the adder 180 does 
not output any signals to the optical modulator 1 13, and 
hence the MZ modulator 113 modulates the received so 
light by the modulation signal and outputs it. 
[0300] On the other hand, when the modulation sig- 
nal no longer exists, the voltage value of the resistor 161 
decreases to approximately zero. Since the voltage 
value becomes smaller than or equal to the reference 55 
voltage Vref2, the comparator 163 outputs a signal to 
the adder 180. Therefore, the adder 180 outputs a sig- 
nal to the optical modulator 1 1 3, which shifts the phase 



differences of respective light beams transmitting 
through two light waveguides in the MZ modulator 1 13 
by 180°, so the producing of output light is stopped. 
Therefore, neither ASE nor input that is not modulated 
with a modulation signal is sent to the N x 1 optical 
mdti/demurrjplexer 106. 

[0301] The input light exited from the LD bank 1 10 
is photoelectrical!/ converted by the PD 1 16. The com- 
parator 1 18 judges whether an output signal of the PD 
116 is smaller than or equal to the reference voltage 
Vref 1 . That is. whether input light is being exited from 
the LD bank 1 10 can be judged by the comparator 1 18 
as to whether the electrical signal that is outputted from 
the PD 116 is smaller than or equal to the predeter- 
mined reference voltage Vref 1 . 
[0302] When the LD bank 1 1 0 is exiting input ight, 
the right intensity is larger than the predetermined value 
and hence the comparator 1 1 8 does not output any sig- 
nals to the adder 180. Therefore, the adder 180 does 
not output any signals to the optical modulator 1 13, and 
hence the MZ modulator 113 modulates the input light 
with a modulation signal and outputs it 
[0303] On the other hand, when the LD bank 1 1 0 is 
not exiting light, the output signal of the PD 116 
decreases to approximately zero Since the output sig- 
nal becomes smaller than or equal to the reference volt- 
age Vrefl, the comparator 118 outputs a signal to the 
adder 180. Therefore, the adder 180 outputs a signal to 
the optical modulator 113. which attenuates ASE that is 
generated in the optical amplifier 111 and etc There- 
fore, ASE is not outputted to the N x 1 optical 
muhi/demultiplexer 106. 

[0304] Naturally, when neither a modulation signal 
nor input light exists, the adder 180 outputs a signal to 
the optical modulator 1 13 and hence ASE is not output- 
ted to the N x 1 optical murti/demuftiplexer 106. 
[0305] The LD bank 110 used in the first to fifth 
embodiments can be replaced by a tunable wavelength 
laser capable of exiting light of an arbitrary wavelength. 

Claims 

1 . An optical communication apparatus oomprising: 

an optical modulating means for modulating 
input light in accordance with a modulation sig- 
nal to be transmitted; 

an optical branching means for branching a 
modulated optical signal that is exit from said 
optical modulating means into a first branched 
optical signal and a second branched optical 
signal; 

an operating point controlling means for con- 
trolling said optical modulating means in 
accordance with said second branched optical 
signal exit from said optical branching means; 
and 

a stabilizing means for controlling said operat- 



22 



43 



EP 1 030 469 A2 



44 



ing point controlling means in accordance with 
the intensity of light in said optical modulating 
means. 

2. An optical communication apparatus according to s 
claim 1, wherein said stabilizing means comprises: 

an input Gght branching means for branching 
tight entered to an input port into a first 
branched input light and a second branched 10 
input light; 

an optical detecting means for detecting the 
fight intensity of said second branched input 
light exit from said input light branching means, 
and is 
a controlling means for controlling said operat- 
ing point controlling means in accordance with 
said light intensity that is detected by said opti- 
cal detecting means. 

20 

3. An optical communication apparatus according to 
claim 1, wherein said stabilizing means further 
comprises an optical detecting means for detecting 
said light intensity of said optical modulating 
means. 25 

4. An optical communication apparatus according to 
claim 1, wherein said stabflizing means controls an 
operating point of 6aid operating point controlling 
means to a predetermined value within a control 30 
range. 

5. An optical communication apparatus according to 
claim 1, wherein said stabilizing means comprises 

a modulation signal detecting means for detecting as 
the intensity of said modulation signal and a con- 
trolling means for controlling said operating point 
controlling means in accordance with said signal 
intensity that is detected by said modulation signal 
detecting means. 40 

6. An optical communication apparatus comprising an 
optical modulating means for modulating input light 
in accordance with a modulation signal to be trans- 
mitted and a regulating means for regulating the 45 
intensity of light which is transmitted through an 
optical transmission line from said optical modula- 
tion means. 

7. An optical communication apparatus according to so 
claim 6, wherein said regulating means is an optical 
attenuating means for attenuating intensity of light 
entered to an input port of said optical modulating 
means in accordance with the intensity of light in 
said optical modulating means. 55 

8. An optical communication apparatus according to 
claim 6. wherein said regulating means is an optical 



attenuating means for attenuating the intensity of 
light entered to an input port of said optical modu- 
lating means in accordance with the intensity of 
said modulation signal. 

9. An optical communication apparatus according to 
claim 6, wherein said regulating means is an optical 
attenuating means tor attenuating the intensity of 
fight exit from an output port of said optical modulat- 
ing means in accordance with the intensity of light 
in said optical modulating means. 

10. An optical communication apparatus according to 
claim 6, wherein said regulating means is an optical 
attenuating means for attenuating the intensity of 
light exit from an output port of said optical modulat- 
ing means in accordance with the intensity of said 
modulation signal. 

11. An optical communication apparatus according to 
claim 6, wherein 6aid regulating means is a modu- 
lation controlling means for switching said optical 
modulating means in accordance with the intensity 
of light in said optical modulating means. 

12. An optical communication apparatus according to 
claim 6, wherein said regulating means is a modu- 
lation controlling means for switching said optical 
modulating means in accordance with the intensity 
erf said modulation signal. 

13. An optical communication apparatus according to 
claim 1, wherein further comprising an optical 
attenuating means for attenuating the intensity of 
light entered to an input port of said optical modu- 
lating means in accordance with the Intensity of 
light in said optical modulating means. 

14. An optical communication apparatus according to 
claim 1, wherein further comprising an optical 
attenuating means for attenuating the intensity of 
light exit from an output port of said optical modulat- 
ing means in accordance with the intensity of light 
in said optical modulating means. 

15. An optical communication apparatus according to 
claim 1, wherein further comprising a modulation 
controlling means for switching said optical modu- 
lating means in accordance with the intensity of 
light in said optical modulating means. 

16. An optical communication apparatus according to 
claim 1, wherein further comprising an optical 
attenuating means for attenuating the intensity of 
light entered to an input port of said optical modu- 
lating means in accordance with the intensity of 
said modulation signal. 
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17. An optical communication apparatus according to 
claim 1, wherein further comprising an optical 
attenuating means for attenuating the intensity of 
fight exit from an output port of said optical modulat- 
ing means in accordance with the intensity of said $ 
modulation signal. 

18. An optical communication apparatus according to 
claim 1, wherein further comprising a modulation 
controlling means for switching said optical modu- io 
lating means in accordance with the intensity of 
said modulation signal. 

1 9. An optical communication apparatus according to 
claim 1, wherein further comprising an optical is 
attenuating means for attenuating the intensity of 
Rght entered to an input port of said optical modu- 
lating means in accordance with the intensity of 
light in said optical modulating means and the 
intensity of said modulation signal. so 

20. An optical communication apparatus according to 
claim 1, wherein further comprising an optical 
attenuating means for attenuating the intensity of 
light exit from an output port of said optical modulat- zs 
ing means in accordance with the intensity of light 

in said optica) modulating means and the intensity 
of said modulation signal. 

21. An optical communication apparatus according to so 
claim 1, wherein further comprising a modulation 
controlling means for switching said optical modu- 
lating means in accordance with the intensity of 
light in said optical modulating means and the 
intensity of said modulation signal. 35 

22. An optical add/drop apparatus for adding and drop- 
ping an optical signal to and from wavelength-divi- 
sion multiplexed optical signal, which transmits 
through an optical transmission fine, comprising: ao 



23. An optica) add/drop apparatus for adding and drop- 
ping an optical signal to and from wavelength-divi- 
sion multiplexed optical signal, which transmits 
through an optical transmission line, comprising: 

an optical modulating means fa modulating 
input light in accordance with a modulation sig- 
nal to be transmitted and 
a regulating means for regulating the intensity 
of light which is transmitted to said optical 
transmission line from said optical modulation 
means. 



25 



an optical modulating means for modulating 
input light in accordance with a modulation sig- 
nal to be transmitted; 

an optical branching means for branching said 45 
modulated optical signal that is exit from said 
optical modulating means into a first branched 
optical signal and a second branched optical 
signal; 

an operating point controlling means for con- so 
trolling said optical modulating means in 
accordance with said second branched optical 
signal exit from said optical branching means; 
and 

a controlling means for controlling said operat- 55 
ing point controOing means in accordance with 
the intensity of light in said optical modulating 
means. 
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WDM optical signal 
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FIG. 16 
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FIG. 17 
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FIG. 18 
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FIG. 19 
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FIG. 20 
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